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Practical Paper-making, 


CHAPTER L 

CHEMICAL AND PHYSICAL CHARACTERISTICS 
OF VARIOUS FIBRES, 


As the chemical and physical characteristics th^ 
materials from which the papef-msikcr draws his supply 
determinii to a marked degree the quality of the fini^ed 
product, j thorough grasp of these ch^acteristics is 
indispensable to all who aim at the pj*oduction of tljp 
best possible results with th^minimum of cost. 

The perc;pntagc of cellulose — or, to use a term mare 
?^dil,^ understood by paper-makers, the amount'* of 
available paper-making material — varies with the plants 
from which it is obfeiined, and the tntatment to which 
it\s subjected ^in* the process of freeing it from ^ts 
combiliation with t^e i|o»-cellulose oy non-avjilable 
materiafVitR wftch it is jso intimate^ bound up. 

• The chemical formula* for cellulose is CofiioOfi,*^ich 
means that 6 equivalents of carbi^n, lO of l|^drogen| 
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apd ^ (5f oxygen 'a, irnited together to form the sub- 
stance knov. n 3y that uame, I'hese proportions ar,e 
constant, though the physical characteristics may differ 
very widely, and it is of the first importance fliat great ' 
care be taken, in the different processes through which 
the raw material must pass, that none of the chemicals 
employed have the effect of changing its nature by 
adding to or taking from its constituents, thus giving 
rise to serious, complications. , 

Cellulose which has been in contact with bleaching 
^solpLon for a lengthened period, or even e:^posed to 
the action of air and light for any lengtii of time, will 
be found to^have lost much of its original strength and 
firmness, an(f‘in addition to have acquired properties 
that w:ere wanting in its pure state. This change is 
, due to the action of the atmospheric oxygen in entering 
into combination with the cellulose molecule to form 
what is techn Wally known as the oxy-cellulose obtained 
by the action of a weak oxidising agent on cellulose. 

The oxy-cellulose has,,the property of extracting 
baric colouring matters from their solutions and bein^ 
perinslnently dyed by them, and further possesses ari ’ 
extraordinary affinity for vanadium compounds, uniting 
with them from solutions containirg infinitesimal pro- 
Jwiftions. 

Pur^, cellulose 

A solution of cupric hydrate in ammoni^l al8ne acts 
on it, *ilrst q^using it to swell up, and finally dissolving* 
it. Theyedetion with a solution of iodine in potassium 
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io(flde is /nostly^ used for its dfet^C^ibn ; but in order 
^4) rendef it elFective it is !iecessar^ t8 a 

dehydrating agent, suc)^ as sulphuric acid, when 
the characteristic deep blue oj* violet colour will be 
produced. j 

Before the cellulose can be made available for thej 
manufacture of paper, it must first be freed from its 
combination ^ith the non-cellulose constituents with 


^hich it is unite# to form the plant structure. 

Plan^ may be designated as an aggregation of fibres 
and cell% bound together by gummy, resinouslNlrid* 
waxy substarftes, which have a function similar to 
that performed by lime in cementing an# rendering 
durable the stones or bricks of which a house is built ; 
and as the stones, in order to be used in the building 
of another house, would first Rav^to be freed fror^<he 
lime wiA which they were bound together in the pre- 
vious strjicture, similarly the fibres and^ells must be 
fjeed from all substances which, though indispensabte 
to their existence in the plan^ life, would tend to impair* 
their value.as paper-making material. 

‘'"•Cottpn differs from the other plants in this, tliat*by 
th€ natural process of ripening the fibres are so fi^ed 
as to yield a pure cellulose, which ^s Available wij^out 
tik preliminary; treatm#ht ^hich the compound ceSu- 


loses must und^g(^ '¥h^e compound cellulo%^s ar/s 
classed und^ the following heads: 


• (i) Pecto-cdluloseSf named because* they' jield 
pectic acid on the Itreakinsr ud df their conbination. 
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'I'fee fiax plant may^ie taken as typical ol ttie^ celluloses 

(. r c c t 

conijfris\iig t?iis*group. • 

(2) Ligiio-celluloscii^ which owe the designation to 
their yielding non-cellulose or lignine as the* result of ^ 
their disintegration. Jute is the typical cellulose of 
this group, in which are included all the different forms 
of woody tissue. 

(3) The (shird group exist in such a snfall proportion 
in paper-making materials, that, as o,'mparcd with th^ 
preceding compound celluloses, they are of little im- * 
porCahee. They arc known by the name adipo-^elluloses^ 
and are so termed because on reduction they yield acids 
analogous te those obtained by the reduction of fats 
and cork tissue. This group embraces the cuticular 
ffssue such plants as straw, esparto, and cotton. 

Tlje problem, then,^ which presents itself to the prac- 
tical paper-maker for solution is not simply to*become 
acquainted witli the physical features of the t'^bres he 
d^ires to use for the production of his paper, but tp 
arrive at the most economical method by which he can 
best secure the liberation of such fibres in the form 
molt suited to his particular purpose, while prea^rvin^^ 
as ii^r as possible the original strength. 

Sijch material# ^s rags and thread, which have 
'already been subjected to i?itthig, bcSli^g, and ble^c^- 
ing byjthe textile manufactift-e#, req<uirj no very drastic 
treatment to rentier them suitable to the ieeds of the 
pap^-makei, as they are already jn a more or less pure* 
st^te before coming tft his hands. 
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It is foF this reason, caupjed wWh t;^e ghysical^cKaj* 
Facteristics of their fibres, that th^y are so mifPh value^ 
by him.\ It will be readiiy understood that it is witl^ 
such materials as esparto, str&w, and wood that thi 
chief didiculties in the way of extraoiing the availably 
cellulose exist. 

In addition to the fact that esparto and straw havi 
been subjected to no previous disintegration, there ii 
swiother reason ^^hich renders them les^ valuable as a 
paper-iftaking material. In the process of the budding 

up of their plant structure the fibro-vascular bundles, 

0 

from which the available fibres are obtained, are scat- 
tered irregularly throughout the main pitss, and are 
more closely connected with the non-cellulose con- 
stituents than are the ** basj” fibres ot hemp, 
and jute, the fibre bundles or filaments” of vshich 
form a separate and cohesive tissue, ^and are 4hus 
more ea^ly freed from the surrounding non-availabl^ 
material. 

Before taking up the dilferent processes througn 
which the* materials are passed, in order to temper 
tITem Ht for the production of paper, a glance at the 
physical features of the various fibres will bef of 
n^gterial assistance* in enabling the paper-makm* to 
obtaig a knowledge of^the conditions best suited t<j 
their syjces^ful OreJtmeTit. 

The ultinAte fibres ®f the cotton {ilant consjpt, if 
before stated, of puit cellulose, and on {xatninAicl 
under tbe •microscope will appear as long, flattenf. 
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tlfbes always mor^tor less ^iwistccl upon tbcmselves. 
The^idt|-wa*ils are rough and granulated, whicsh is .moat^ 
easily seen when dry. They are strong and ‘flexible, 
and suited for the production of the finest qualities 
of paper, though^ from the spongy nature of the fibre 
the finished sheet is less hard than that made from 
linen. When the tubular form of the fibres is' borne 
b mind, ittvill be at once understood why** the colouring 
/matter is so difficult to remove froil* coloured cottcfi 
rags. (See Plate L, Frontispiece^ fig. i .) 

l^hen, the fibre of the flax plant, is, like cotton, 
tubular, but the side walls are much thicker, the 
central canjii is smaller, and, consequently, the fibre is 
harder and less spongy. (See Plate II., figs. 3 and 4.) 

Paptffs made from linen rags are hard, strong, and 
firfil^to handle. Thb fibres obtained from ropes and 
tbag,s are mostly hemp, and arc somewhat liRte linen, 
abut much more coarse and harsh; as they aiie seldom 
dctmpletely freed from the incrusting matters thc^v 
arequire to be boiled with ar larger percentage of caustic, 
t •July fibres are strong but very difficult to bleach 
J white, and, indeed, if subjected to such treatiaent ik" 
iwill- dissolve all the extraneous matter, and reduce ‘to 
ultiipate fibres, tWei^ original strength is much impaired. 
al Manilla hemp yields stron^fibres, easily detaqhed, 
inut, like jute, somewhat difltcuit toibl^ch white, (See 
trclate 1 ., Frontispiece^ fig. 2.) 

pajl'^ie ultimate fibres of esparto are snort, smootn, 
stjd tubular, but in^some places'" the centrs^J canal is 
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coTnpIete^^r hidden by the thickenipjf of Ihe sideVaHs/ 
^See Plafe IV., fig. 7.^ 

Straw fibt-es are very similar in appearance to esparto, 
but they, are shorter and mcye highly polished, thus 
tending to make their felting power much less, and 
rendering paper made from them very brittle. (See 
Plate IV., fig. 8.) 

Wood fibius vary with the different species froni 
which they are#obtained and the methods used ta 
isolctCf them. Pine wood is capable of yi&lding long, 
soft, traysparent, flexible fibres, well suited to thf^ro- 
duction of strong well-felted papers. Ash and similar 
trees yield short, hard fibres, possessed# of no great 
felting properties. (See Plate III., fig.*S*) 



CHAPTER II. 

CUTTING ^AND BOILING OF A AGS. --JUTE 

'boiling and bleaching. 

Grading of Bags. — As the quality of the £nished paper 
is dependent on the successful carrying out of the 
different processes through which the stock must pass, 
i^ is indispensable to the production of a uniform and 
sntl:factory result th^t tlic greatest care be taken in 
each ^department to ensure the intelligent app’ication 
of the principloo on which each process depends. 

.Nowhere would a neglect of the requirement of each 
particular class be more disastrous than in the rag 
roo^Ti, which may not inaptly be termed the J^irthplace 
‘of the ‘varied qualities of beautiful papers whifji arC; ‘ 
met with in the market. 

Carelessness incthe regulations rf the standard of 
£ach '^particular gra^e of rags^^cannot fail to lead tS*** 
mischievous results, as in suah (fircqmstances the stock 
may at one time ^be above the usual quaHjy iiSfended 
for th6 paper made, and, at another, much inferior;" 
^an^ yet Wjth^such manifest defects *the paper produced 
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is ^xpectjd to oe equal to lagr^ maKirig in eve^'y 
respect.”* 

The Qnly*remedy for such a slate of matters, which 
is not an uncommon one, is tlyit the official in charge 
of the department should insist that the cutters and 
sorters give the necessary attention to the strength 
and cleanliness recognised as the standard of each 
grade. If this be done consistently and ifitelligently, 
i^will soon makegitself known in the s|?ioothness with' 
which ihe subsequent processes will go forward, and 
in unifognity in the purity, strength, and shade oTSth< 
paper made vfhich will far more than repay the extra 
time and care involved. 

Rag-cutting. — Though the rag-cutting machine ha^ 
been much improved of late ye^rs, it cannot b^sSid 
to have •superseded cutting by hand, especially fo^ the 
better qi^Iities of paper. 

As will be readily understood, the rags in being c«t 
by the machine come far lest under the supervision of^ 
the women whose duty it is to grade the djJFerflit 
•qiialiti^ used in the mill; and this, together with*t he 
fa^t that in the tearing and cutting on the macjjine 
much of the best erf the fibres is ^aiftaged, prese^jts a 
^A'ious drawback lo its fdqption. 

In cutting strong, coaniefnaterial, such as can^s and 
bagging,* these defects do not exist to ^he same extent, 
6nd, though they di<^ would be of less imp^orta^ce ; 
consequently it is mefre suited to tfiat class oftstock. 
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%WI!bft the rags run straight from the (gutter irtto 
the Ajstijig-inacfiine, as is often the case, the* carrying^ 
felt should be long enbugh to acfmit of standing room 
for sorters on either §ide, so that any ejjtraneous 
material, such as wool, silk, etc., which may have 
escaped detection when feeding in the rags, may be 
removed, and thus prevented from finding its way into 
the boilers and, it may be, into the finished paper, 

• 

Bag Boiliag. — The object in subjecting rags, cf other 
papt'r-making material, to the process of bailing is 
that the reducing action of the water, ^ided by the 
temperature tand pressure employed, may break up 
the combination of the cellulose with non-available 
f^ibstanees. 

Caustic soda is tbe chemical usually employed to 
render this action more thorough, and to ensRire the 
complete remo>«al of all the incrusting substances which 
b}^ their presence Jend to render the subsequent bleach- 
ing process much less effective, and to otherwise impair 
the? value of the material 

* R%gs, which have already been subjected to syich » 
process before coming into the hands of the pape»- 
maker, require U be treated with a much smaller 
amount of caustic compared^ v^th such, raw materiall' 
"as esparto and straw. In the cases of rags, the 
tion of the soda to remove the size, whjch fs often 
appligcTto thtJ fabric, together witl^ any dirt which may 
ha^e bec6|ie'attached*to the interstices of the. material 
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imtsjougiey from the t^tile to*the r^*sto»e, 

.^nd^also'to destroy, as far*aS possible, afty ^.oloSring 
matter and Tender it more susceptible to the action of 
the bleaching solution. Caustic soda has, in addition, 
the effe^ct of softening the fibres, thus rendering them 
more flexible. 

As the feel and look of a paper depend quite as, 
much on th(^ elasticity and complete freedom from alll 
^crusting matte* of the original fibres, as upon the' 
treatmtnt they receive in the subsequent Operations of 
breaking and beating, it becomes at once app^fcnt' 
that what at <irst sight seems a very simplb matter — 
namely, the determination of the amouift of caustic 
soda most suitable for each material — ^is in reality a 
somewhat difficult problem, and one which require^ 
much greater consideration tlmn is usually giCeh 
to it. 

The physical nature and condition of %ome rags ntay 
be such as to render them quite i^jert, and of little 
felting power, should they be boiled with the amount 
of caustic, necessary to the production of a good 
•aolour^when bleached. The wisdom of contirihing 
te use such materials, even though obtained |t‘ a 
low* price, is, to ^ay the least,^very 

Some rags, ^gain, avWch from the st^n^jard of 
cleanliness may not require a large proportion of soda. 
wiU often be found be greatly improved b;^ ijsing 
a little e;ctra per hflndredweightf especially aivhen 


comparatively 

Siestionable. 
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‘fiHres are harsh. ^The softfining which ist^tnus od- 
tainell w^l fhake itself ^parent jn producing: a closer < 
and more evenly feltecf sheet. ^ 

^Vith regard to the economy of using low quality 
rags for papers in which a good colour is in4ispens- 
able, it has been shown, as the result of very exhaustive 
experiments carried out by Messrs. Wurster and Zugler, 
that bleachai half-stuff from cheap rags ts in the end 
much more co^Iy than that obtainec? from the betteir 
qualities, notwithstanding the great difference ^n the 
prici? As much as i8 per cent, of loss was found in 
the boiling and w'ashing ol such materials? 

Some papl^r-makers prefer to boil their stock with 
lime, in place of caustic soda, and this is especially 
Jke case^in America. For^the better qualities of paper, 
hoover, its use is aftended with very serious draw- 
backs^ A larger proportion of lime than is Sctually 
necessary to reduce the stock njust always Ife used, 
an^ as this excess, must be properly washed out of the* 
rags before bleaching, both time and water are thus 
cojRum^d. • 

Grttty matters, such as sand and coal-dust, are in- 
vari^ly present, even in the best qualities of limdj 
and t^jese are apt fo J^ecome fixed iifthe fibres in such 
a way as to render their compile removal a matteji of 
some difficulty. 

Lim^as is wel4 known, is biyt sparingl)^ ^luble in 
cold ^ater^ aid still less so when ^he water is heated. 
Ont part lime re(^urres seven hundred part$ of cpid 
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Water to dissolve it, and fifteen hjTidie^d partt^hwn' 
tjie tempiature is raised to Boiling poiSt, • ^ ^ 

During tlfc boiling *process, hflwevcr, a much larger 
I quantity js dissolved than w(juld appear possible at 
first sight. As the dissolved lime enters into combi- 
nation with the non-cellulose portion of the stock, the 
water becomes capable of dissolving a further quantity, 
and so the dissolving action is repeated until all the 
fatty and resinom matters have entered into combi- 
nation ^ith the lime. 

In pr^aring coarse, dirty stock, such as jute^Jhd 
the lower grades of flax, in the subsequent application 
of which a high degree of cleanliness is no# of the first 
importance, lime may be used with advantage, both on 
account of its cheapness and its reducing qualities. 

In selecting a lime to boif with, it should be borne 
in mindithat grades showing the same percenta^ of 
actual liqje do not always produce a uniform result in 
treating the stock, time which is flight to handle, 
ot a uniformly white colour^^and which slacks easily, • 
seems to ppssess greater reducing power than a dutt- 
^loured, heavy lime, as less of it is required •for 
bqjling, and the pulp produced has a softer feel. ^ 

Caustic lime whe% exposed to the atmosphere quj:^kly 
"ftfeorbs carbonic ^cid, aiid^the carbonate of lime thus 
formed, in additioi^ to possessing no boiling power, 
is very1f!able*to oiuse serious complications in the sub- 
^ Jequent operations by a3hering to the fibres eveff |fter 
much washing, and infrequently th^ source of the snots 



t4 PRACTICAL P^PE^MAKING, 

‘ vrflicE times app^e^r so unaccountably on tlv^ machine 
wire? ■ * 

^Stationary ooiiers are very suitable tor ^he finer 
grades of cotton and linen rags, but for coarse, dirty 
stock the rotary action of the revolving boiler is of 
advantage, as the shaking thus given to the stock has 
the effect of loosening the dirt. For this reason ^it is 
usually employed for such materials. X; is an addi- 
tional advantage if the boiler can be fitted wit’-* a systegi 
of pulleys, * which will enable the revolving aclion to 
belS^uickened during the washing which fol^^ws the 
running off of the spent liquor. • 

t 

Jute Boiling and Bleaching. — ^Jute is a material which, 
[An accotint of its strength and cheapness, would receive 
mTXh more extensive application in the manufacture 
of paper’ were it not for the almost insurmRuntable 
diiliculties whith lie in the way^of producing# from it, 
^ a reasonable .cost, a pulp of sufficient whitenes| 
to be used in the making of fine papers. 

•JThe^chief difficulty in bleaching lies in the fact that, 
unl^s the boiling process has been conducted# so ac * 
to jnsure that all the incrusting matters have been 
3isscj|[ved, the ameu^t of chlorine coiwumed before these 
incrusting substances can, Ik effectively bleach^ 
more tjjian counterbalances «th# low price of the raw 
material. Apar^ from the cost of bleaclung, *tlie use 
of sycR a la^ge amount of chloriije tends to impaif th^ 
6t|englh #f the fibresf 
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The methods of boiling^and ble^Cpng jute vafy jvifh 
jtjie garticnlar requirements Jbf the papers* tOj be pro- 
duced ; ^ut mills using^a consulerable quantity, lime 
is, on account of its cheapness generally employed to 
effect the separation of the non-cellulose substances. 

Very good results are said to be obtained by boiling 
the jute with lime, under pressure, and then allowing 
it to stand, loosely stacked, in contact with*the excess 
0^ lime thp> has bten used in boiling. 

Afteii/standing for some time the jute is hashed and 
again boUed, this time with soda-ash under atmospfeS^c 
pressure. Thtf bleaching is conducted in the usual 
way by means of the bleaching powder solution ; but 
instead of running in the amount necessary at one 
time, it is run in in small quantities, and before* each? 
supply is added the contents of the engine are t^st!?cl 
by potaAium iodide and starch papers, to ensurejthat 
all the cWorine has ac^ed on the incrustihg substances, 
hi this way the fibres are said to be*better preservdl 
in their original strength. 

In continental mills, where the old method ^f gut 
■Weachi^g is still in vogue, jute is sometimes subjected 
to* a preliminary bleaching by means of chlorine gas, 
^fore being bleached by the bleaghihg powder golu- 


I pressure of about ti^enty-two pounds per square i^ch, 
for ten to twelve hotfrs, the weiglft of lime ufii^ 


tion. The following methgd is said to produce a.veiy 
satis^ctory pulp.^ 

The ^ute is boiled with a solution ofamilk of lime, at 
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ai)ouT ?5 per calculated on the raw, nmtefial. 

Aftei' digining and was^iing the boiled juteMS passe^^ 
through a centrifugal machine and so'^fre^d from 
nioisture as to be readijy acted on by the chorine gas,* 
which is the next feature of the process. 

The chlorine gas is prepared in the usual way from 
hydrochloric acid and black oxide of manganese, and 
great care ^s taken that none of the hyiJrochloric acid 
finds its way jinto the bleaching chamber-, otherwise 
the pulp would be rendered less strong. Thoi jiite is 
stl|Jfced in such a way as to be readily peniv^ated by 
the gaseous chlorine, and is allowed tc^ remain under 
its influence until the colour of a sample drawn out 
shows that it is about three-quarters bleached. 

Afte» lifting, the partially bleached jute is washed in 
tnfc potcher with watfcr containing a i pef cent, solu- 
tion of ammonia soda, which serves to dissolve the 
yellow chlorint compound that has been form«d by the 
action of the ga§ on the incrusting substance^ This 
twashing completed, the stiick is bleached in the usual 
n^nner with from 6 to 8 per cent. of. bleaching 
powder solution. The amount of time and I^^ndling* 
necessary for such a method as that described would 
lead^to the supposition that it is veig^ doubtful if, in the 
' end, such methods pay. 



CHAPTER III. 

Pr£T PjihA'G.— IVASII/NG, PREAKINQ,. AND 
PLEACHING. - ELECTROLYTIC BLEACHING 
’-AN:flCHLQR. 

Wet Picking.-— It is the practice in mosf mills to 
subject the boiled rags to another overhauling, or ** wet 
picking/’ as it is usually termed. The idea of this is 
to insure the removal of any btittofis, pieces of india-* 
rubber, o? other unsuitable materials which may have 
been overlboked in th^ rag-house, or Save become 
apparent through the action of the sc^a, before the 
treatment in the washing engine renders their detection 
and removal so difficult as to be almost impossible 

Washing, Breaking, and Bleaching.— These thr^ 
orations are usuallj^ conducted in same engj^e. 
The- v^iishing is generall/ accomplished by means of 
a drum washer, \j^idi is^plrhaps the .most effective 
and time-saving method that has as yef been adopted 
for rags. The clear vaicr should be run in so 
it may mix ^ith the rags before thiy come under , th^ 

2 
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r«l],*and the dfmm sh^ulj be placea so^fthat it may 
rest cfci the rags just as they Ijave rounded the» end®of 
the mjdfeather on the return journey. Thift is not y 
near the roll as to^un the risk of liftiifg the finest 
fibres brought, to the surface by the agitaticui, nor yet 
so far from it as to allow the dirt to settle down on 


the rags again. 

The way in which the washing is conducted deter- 
mines, withhi certain limits, the perceft^^^e of •loss 
^used 6y the finest fibres passing away with the*^ 
f^rashing water through the meshes of the fvire cover- 
ing of the drum. Until- the dirt has been freed from 
the inter^ices of the rags the roll should simply brush 
them, and thus by opening them up assist the water in 
carrying the dirt away. If the roll be put down to a 

^ajd grip before the dirt has been loosened it is almost 

c 

inipossible to wash them clean ; and further, it has the 
effect of making the stuff shert and free,*or fast, as 
some prefer top call it, thus in a large degree impairing 
the strength. 

. Tihere are two conditions indispensable to the pro- 
duction of strong, flexible, clean half-stufP^namely, 
dull tackle and plenty of time. To obtain a rag a*l its 
strength, tfiefbreaking must nqt be carried fur||[^ 
than is necessary, to break up the fabric. When that 
is adbomplished the roll should ^simply tbrusb out the 
half-stuff, so ^hat it may i)e strengtliwed by tjie 
milling^ sfhd yet i^ept as long •as possible consistent " 
^ith being '*out of the rag.*' This can •only be ob- 
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taine3 by hiiVing blunt plates |nd rc^, ^The bafs in 
tht* plate are ij^ually tjpered away to one-Sglrth ox 
^ inch. 

If the rol! or the plate be too «harp, or too quickly 
brought ..together, the fibres, instead 0/ being drawn 
out, will be cut, and rendered so free that they will 
not soften, even when allowed to mill for five or six 
hours. Threacf and strong rags cut with the rag- 
cuttitig mac^jrhie arc very liable to gathtt* into lumps 
•before tli^ roll, and to enable them to traVel thqy 
have to bfc gripped more firmly at first than woulJ 
otherwise be the case. When they have begun to 
travel the roll should be raised to a pitch which will 
not reduce them too much. 

When the colour of the water leaving the firum^ 
shows that the dirt or colouring matter is well washed 
out, a good plan is to allow the drainin|;s from 
bleaching-lfouse tanks t# run on the rags for some 
tiije, still keeping the drum in action. When not used 
for this purpose the drainings tnay, with advantage, be 
used to dissolve fresh quantities of bleaching pov*der. 
W&en the dirt or colouring matter has been com- 
'pletSly washed out, the drum should be raised and 
th^ bleaching soluti^lb run in. If it should happen 
that tl«5 bleach te added before the washing is com- 
pleted, tl^ dirt will b?coml fixed on the fibres in*Suchf 
a ysLy that po* subsequeq# washing will^ serve to Jj^kc, 
i;it out. 

Bleaching.powder, or chloride of lime, is i 3 ade b^ 
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Saturating slake^ilime ^wijh chlorine gas/r When the 
c8nip%un^ thus obtained is dissolved i^. water, •bleach- 
ing liquor, consisting of chloride and hypochlorite (jjf 
lime, is formed, white the calcium hydrate is left as 
the lime mud. , -Chlorine gas in the dry stat^ possesses 
no bleacliing properties, hut in the presence of moisture 
it decomposes the water, taking up the hydrogen to 
form hydrochloric acid and liberating tfie oxygen. 

The oxygen thus set free has^ power^id oxidtsing 
l^opertie's, which are rendered the more aaive from* 
^s being in what is technically known as the nascent 
state. It attacks the vegetable colouring matters, and 
by destrdjl^ing them imparts the white shade charac- 
teristic of bleached stock. 

The old method of gas bleaching depends on this 
dirget action of th*e efilorine gas when brought into 
contact with the wet half-stuff. Unless under ex- 
ceptional circumstances, bleaching powder^ has quite 
superseded tho gas-bleaching method. 

This is due to the •facility with which it can be 
e^app^jcd, as well as to the increased yield of pulp ;^a 
nfuch larger proportion being attacked and destroyed 
■by' the chlorine gas than is the case when the less” 
drastic action oT tjie hypochlorou/^qcid of the bleaclj^ 
solution is employed. 

When the materials to'bfe bld'aclied pyre than 
usually dirty 6r high-colourqd, heat is 'often used Jo 
, assist the^ action of the bleacb in producing a good 
colour. ^ Great care must be taken to see that the 
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temperature Moes not exce^ 50” FaVv otherwise t|ie 
sttHT wll be sJj^jrtened^ and the colour obtrRnqd 
go back, especially if allowed to lie for any length of 
tmie before Rising. 

Another method of obtaining a goo^ colour is to 
add to the stock, while in contact with the bleaching 
solution, an agent which will, by decomposing the 
bleach, render *it more effective. Sulphuric acid is 
often employed to ^o this, and, within certain limits, 
it has the'desired effect. Its use is, however,* attend jd 
with the Serious drawback that if it be added in exce^ 
chlorine will be liberated. This chlorine attacks the 
fibres and weakens them. When only a smafl quantity 
of sulphuric acid acts on the bleaching solution, hypo- 
chlorous acid is liberated. 

Hypochlorous acid is decompoSed and yields^ Us 
oxygen very easily, and in so doing is rediicec^to 
hydrochlortc acid, whiqJi acts less injuriously on the 
fijjres than chlorine. 

Sulphate of alumina may boused with better results 

in preserving the strength of the fibres, probablj^ due « 

to the fast that the action being less violent there ^s 

‘ les^ tendency to liberate the chlorine. 

, professor Lunge ^ffses acetic acid ^o* gain the s^e 

end, ^d he claims that Riore is no impairing of the 

strength ^of tlje fi|jref as fe the case when chlorine is 

liberated, or tfVen when the hydrochlo^c acid, which 
• * • , • 
is formed from the decomposed hypochloaou^ aq^, 

remains In contact with the stock. On addii% acetita 
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f afidfto the eng^, the bleaching solutiditi is decom- 
pbsed,, \^th the fornfiation of hypocl;lorous a«id isnd 
acetate of lime. 

The hypochlorous acid gives on its oxygen, becoming 
reduced to hydrochloric acid, which in the presence of 
the acetate of lime immediately acts on it, regenerating 
acetic acid and calcium chloride. It will thus be seen 
that only a very small quantity of acefic acid need be 
used, owing to its continuous regeneration. 

^Another feature of importance is that t^e hydro- 
^loric acid does not remain long enough ‘among the 
stock in the free state to do the fibres any injury. 
In the ^hse of rags, which have been imperfectly 
washed an^ thus retain a large proportion of alkali, 
it is recommended that a less expensive acid, such as 
sulphuric, be used to neutralise the alkali before adding 

the acetic acid. 

« 

In bleaching rags containing even a small* proportion 
of jute, no aucxiliary agent which has the effect 
liberating chlorine shoilSd be used. If jute be treated 
witl^chlorine a characteristic yellow compound will be 
fdnnedi and it is the formation of this yellow b«dy ^^hich 
ia^the cau^ of the fading in the colour of jute ton-® 
tallying stock such agents ^s sulphuric aci(^r 
sulphate of alumina are us^d to assist in bnng^g up 
the colour. 

Dr, Lunge Claims that ace^tic acid mSy.be added 
engine before the bleach isb run in; but with the 
totto ^ents the best results are obtained py 
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thenf to tbV pulp after the bleachftig solution Ifes V 
bo^tn^ son^what exhaustetl. 

When tjsing steam ft is better "to allow the bleach 
tb become ^thoroughly mixed before heating it. The 
amount of bleach required to give a good colour varies 
with the quantity of dirt or colouring matter to be 
destroyed, and the treatment which the material has 
received in the ♦)oiler. Imperfectly boiled stotk always 
consumes a much farger proportion before coming to 
a good colour. 

Clean sotton and linen rags will require from I 
2 per cent., caftulated on the dry bleaching powder, 
while the coarser grades will require 5 to ^ per cent. 
The addition of a little alumina or sulpKbric acid to 
the better 'grades of cotton and linen rags h^ the 
effect of killing the black threads o#ten present. 

It is fiery important that the bleaching solution be 
maintained at a uniforn^ strength, otherwise the cotoUr 
will not be regular in shade. A solution which stands 
6^ Twaddle contains about half a pound of bleaching 
powder to each gallon. Bleaching powder seldom, 
contains ^ more than about 35 per cent, available 
chlorine, which is equivalent to saying that oi^y 
35 per cent of th» weight of the^pawder dissolved 
has tte power of tleachftg the stock. 

Pvfing to ^e amotnt if ealcium chlorate pre^nt in 
some bleaching powders, the availabl<f ^lorine mu 
e»;^d 25 to 28 per. cent Calcium ch]prate^^pi^ 
Wsseii Jib bleaching pdwer, md evefc in the batt grad^ 
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J 0^ bleaching powder the lime mud oftdi? retafhs a 
caisideraible a‘mount of chlorine. In st^in^ the pow^ier 
prior to dissolving, ' it should l 5 e kept as cqoI as pos- 
sible, as it is very liable to be decomposed with th*e *' 

formation of unavailable calcium chlorate if the sur- 
, * 
rounding atmosphere is heated. 

The most suitable vessel in which to conduct the 
extraction of the chlorine is a circular ^ron tank fitted 
with a mechanical agitator, so as td insure that al^ the 
powder may come into contact with the water. As * 
^orine is so liable to be decomposed by the action 
of light, the vessels should be fitted with a covering 
so as to Exclude it as much as possible. A con- 
venient size‘ of mixer is one which will contain about 
7 cwts. of bleaching powder and 900 gallons of 
Vater, 

Tlie agitation should be kept up for at feast two 
hours, and the time allowed for settling shoeld not be 
Jess than seven^or eight hours, as a muddy solution 
is much less active thas one which is clear, besides 
Jeaving a deposit of lime on the fibres, which is liable 
to •cause unevenness in the subsequent siziqg operSl- 
tioji, and to cause the spots which, at times, are sisth < 
a nuisance in the machine wire. 

A?ter the first liquor 1 ^^ been ryn off, the^ tank 

shoul<4 be filled up again •with \fater or weak liquor 

• • •• 

drained from ^Ihe bleaching house tank^ and the 
agitation ^nd settling conducted as with the first 
^tractioa. A thiref liquor may fie taken ojf and used 
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eitliA for teaching or for extractij\J a fresh Sii^ly* 
ofctblegching powder. A sufllci^nt numter Bf jriixirs 
should be* used as to adm^t of running off a first and 
S second liquor together, and a*third also, if it is to 
be used for bleaching, otherwise the strength of the 
solution as used at the potcher will not t)e uniform. 

By draining the lime mud and using the liquor thus 
extracted, eithA* to dissolve fresh powder fir to mix 
witW the bleaching*solution, if it be suQicicntly clean 
' and of uniform strength, a very considerable amount 
of bleaching powder may be saved, espec ally in milj^ 
where the consurnption is a large one. 

Electrolytic Bleaching. — Within the Iasi few years 
a gi'eat many experiments have been tried, with 9 view 
to superseding the expensive* blAching powder,^ by 
making use of the electric current to set free^the 
oxygen cdhtained in w^er, and thus mal^e it available 
for bleaching purposes. It is well known that the# 
oxygen generated from water* by electrolysis has the 
power of decomposing colouring matters. The^hief« 
difficulty 4 n the way of using the oxygen thus liberafBd 
lie^ in the fact that, though the incrusting matters are 
certainly removed frt)m the fibres, are liablj to 
assunjp a brown*^ colour •entering into combination 
with the ox^jgen^ This^bPown colour can only be 
removed by^uiing chlorine to decomposf and bleach it. 

Another method (rf bleaching without the^use^of 
chlorine, w|jich, however, is still in the expAimentai 
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^stlge; consists treating the stock with iiox\c^ dr, as 
iHnay^bePterAied, “active oxygen.” Wheft an ^lectaiic 
spark is passed through ajar containing air, Jit is found 
that the oxygen pre%ent has acquired much stronger- 
oxidising properties.* I’he oxygen which has under- 
gone this change has been named ozone, and possesses 
much more effective bleaching power than ordinary 
oxygen. • 

In bleaching with this agent the*oxygcn, which#has 
been in .contact with the electric sparks, and thus • 
^ntains a larger proportion of ozone, is led •by a pipe 
to the bottom of the vat in which the stock to be 
bleached ^ placed. In its upward passage through 
the stock tWs ozonised oxygen is said to destroy the 
colouring matters so effectively that its advocates claim 
:it to be 70 per cent.*chelper than the use of bleaching 
powder. 

In another «class of proceBse| the electric turrent is 
^ade use of tp render cheap chlorine compounds, 

• such as chloride of magnesia, available for bleaching 
^purposes by liberating the chlorine contai«e4 in them. 
The process which has, by reason of its #practicil 
' application, claimed most attention from paper-mak^fs 
:*:is that of M. Kennite. The blesfching solution u^d 
in this method is obtained %y decomposing a { per 
cent solution of magnesiufn %:hlofide byjneans of an 
t electric currenljf 

.. the^ decomposiuon procefos,. magne^um ana,, 
%drogeit are giv6n*off at the negative pol^ while JiC; 
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chlofine an3 oxygen go to the posi^^je. The chloi^e^ 
t^es thfe oxygen to form hj^pochloric afld,^wh#:h 
is in turn .decomposed with the formation of chlorous 
^d chlorici acids. As these acys yield their oxygen 
to bleach the stock, magnesium cMoride is again formed 
and again decomposed as before, thus making the 
process continuous. 

The loss ine:hemicals is made up by thfi addition 
of iQ^esh quantities^ of the magnesium (Jiloride. The 
\ bleaching solution prepared in this way ie said to 
possess greater bleaching properties than a solutiq^f 
of .bleaching poVder containing the same perrtntage 
of available chlorine. 

It is the practice in some mills to run the bleached 
stock into large chests fitted with perforated bottoms, ^ 
through which the weak liqubr fe allowed to djaim 
In mills\here a large stock is kept the rags maj lie 
in the bleaching-house ^r weeks, and wHUe it is quitf 
true that the colour will come up, owuig to the actioil* 
0 ? the sunlight in decomposing the chlorine compounds 
remaining in the stock, yet, if the exposure bf too^ 
idng, the^colour will go back, and in addition the 
;Will become tender, owing to the formation of the 
ox^-cellulose by th* action of the^j^gen of th^lfe,^ 
in ihe^presence of light. ' 

^This tendijrin^ af!d fining will be more appar^ 
if aiiatfiia^^agents,. such as sulphuric a^cid or sulpl^^^ 
Viisif alumin^ have beq|i used in bleaching; s1^|l 
' Jain for a* coni^derable time, esj^cially . i 
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• smpJwiric acKi been used, will often te fouild to 
ha%e ^k?n on a pinky tinge. 

These drawbacks* to thtj use of a bleaching-house 
have led some papertmakers to discard it* altogethef, 
and to run the lags straight from the breaking engine, 
in which the bleaching has been conducted, to the 
beater. 

When this is done more bleach is inquired to give 
the same degree of whiteness, Ihd owing to •the 
presence •of an increased amount of bleach in the un- 
?4^ined rags, a larger quantity of antichlor is* rendered 
necess'i^ry to neutralise the chlorine tfian is the case 
when the^have been allowed to drain in the bleaching 
house tanks.* The ordinary grades of cotton and linen 
rags will be found to be at their best, both as regards 
\hiteness and strerifeth,* after having lain for twenty- 
four^ hours in the bleaching house, 

Antichlor, — ^V^ether the stock has lain in the bleach^ 
^ing-house or has come direct from the washer, it retains 
^hlorjjie to such an. extent that the latter must be 
neutralised ; otherwise its presence will act iq^uriously 
oUftlie fibres, besides seriously complicating the pe- 
actkgis on whiA Jhe sizing process denends for its 
^ efficacy. 

The«two forms of neutraliSirife ag^ntg, or “antichlors,” 
as they are teilhed, most commonly used ^ are hypo- 
sulft|iite of^soda and sulphite of, soda. When hypo- 
silphite ^f soda is employed,* the reaction which 
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takes place’ may be represented tlie follcfwi«g ' 
;(ftati«n ■ 

■ 2 Ca Cl, O* + Na, Sg O3 + IT, O .r 2 Ca SO^ + 2 H Cl + 2 Na Cl. 
which sliows that the bleaching ^solution remaining in 
the pulp ^ decomposed with the formation of calcium 
sulphate, sodium chloride, and hydrochloric acid. 

The formation of the last-named constitute^ a draw- 
back to the use of ^is agent, as, apart from its injurious 
action on the pulp, the acid tends to* eat into the 
machine wire and so shorten its life. Tfiis latter, 
action, however, is not so injurious as is commoner 
supposed, as the writer knows a machine ^le wires 
on which, though carrying nothing but rag^tuff treated 
with the hyposulphite, run for thirteen and even four- 
teen weeks. 

When^using it great care must be taken to avoid an 
excess, as, though not generally suspected, the reason 
why so many photographs become stained and spotted, 
^'en when not exposed to the action t>f light and air, * 
is that an excess of hyposulphite of soda has been used' 
ij^the engine, the presence of which in the cardto^d* 
used for ftiounting has caused the discoloration. * 

A glance at the following equation^will show tlfat 
;|vl|en sulphite of sqSium ^ used noae of the resulting 
compounds will have any^iijurious effect either on the 
paper or,the wire ►— 

Ca 0 ClJ 0 + 2 Na, SO, %= Ca SO, + Na, SO, + iJSTa Cl • 

Should ^ excess olf sulphite of *soda be ustd in the 
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making of photQg»*aph mounts, it is asseried that no 
bad rpsifits will ensue, and the same applies to all 
colouring or toning. Th^se reasons have led many 
paper-makers to adopt it in preference to the hypo- 
sulphite. It should be borne in mind, however, that 
it takes abput four parts of the sulphite to do the work 
done by one part of the hyposulphite. 

When using rags the best plan to ensure the com- 
plete neutralisation of the chlorine, without using 
an excess of antichlor, is to supply the beater-man 
Vith a bottle of potassium iodide and ^starch solution, 
with fuotructions to put in one-half of the usual amount 
of antichlor while running in the water, and after the 
rags are furnished, gradually to add the remaining 
half Until the blue stain produced on the addition of 
a drop of the testifig solution to the pulp has grown 
faint and finally disappeared. To make this test satis- 
factory it should be performed i)efore the addition of the 
.alum, otherwiseeit is not so much to be depended upo|i. 

No doubt all this attention means extra work for 
the ^eater-man, but there are few beater-men who, if 
Jh^ foreman will but spare the time to explain what 
the neglect of the precautions may lead to, will hot 
gla<JIy give the!'* attention necessaJy. Such care ^gil^ 
^not pnly ensure satisfaction So the purchaser, bnl; will 
aiso'uave the beater-mane's? coifeicjprabjp ajnount of 
trouble, in givihg a more uniform shade, ‘ayd guardijig'^ 
aggiJjst^ the unaccountable risei^ an<^. falls in colour 
which ie of sp , frequent occurrence in sdpae milla^ 
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CELLULOSE FROM WOOD.-^MECHANICaL WOOD 
PULP, 

Cellulose from Wood. — Comparatively few paper- 
makers in this country prepare their own wood pulp, 
most of the supply being obtained from the Swedish and. 
Norwegi^ pulp mills. A knowledge of the princigles 
on which the different processes for obtaining Jthe 
' cellulose are based, and^he effect of the treatment on 
t^ pulp produced, is, however, indispensable to the 
paper-maker, that he may be tble to determine which 
pulp is most Suited to his particular requirements, 

■ Wood, iike jute, belongs to the class of ligno-cellB- 
and is composed of about two parts of cellulosCil 
intjjnately bound uijVith one part oj ntm-cellulos^ or 
ligmn«» The processes employed to break up this: 
' conibinatjgn may classed under three heads, tFirst/i 
. alkali prpeess, which ^akes in the methods depend^ 
/Irtg" on the use of rustic soda. ^ Second;%tfiie 
process, under which rbay be arranged the^vaiioyf 
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4^lt.tClUUS based »ofi the reducing action oh sulphurous 

L. • * ^ ft * 

arid jn'^the gaseous br liquid state. 

Midway between these, two classes stawd those 9 t 
Dahl, Blitz, and Cross, the former of wlrich employs 
a solution of sodiirm compounds containing a lar£;e 
percentage of sulphate of soda, and is known as the 
sulphate process. The process patented by Cross, 
mainly ^ith the idea of rendering 6ie use of lead- 
lined boilers, unnecessary, whilc^ depending oir* the 
action of., neutral solutions of the bisulphites provides* 
(or the use of alkalies. The boiling in Bliti’s process 
is c6;.'jucted by a solution of sodium sulphide, to 
which is^ added a yery small proportion of vanadate 
of ammonia. 

Whatever may be the process employed to produce 
the cellulose, the *wo^d must first undergo a preli- 
minary mechanical treatment in order that the pulp 
may be of a uniform character. The trees are first 
sawn into small logs, which are then stripped of t|je 
bark and cut into boards by passing through a slitting 
macljine. The knots are next bored or ‘cut out, and 
the boards broken into small chips by breakmg 
machine. The chips are then passed under hehvy* 
rollers, which bfi^ise them in such a way as to al|pw 
the boiling solution to tjiwoughly €oak thenv and 
finally passed along revofvifig s(freqps tl;irouj|h which ^ 
the dirt and dust, set free by the crifelyng, escape, 
w l^fe tho^. clean chips are carri^ on to the boiler or 
•tore hdlise as they may' be wanted. 
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The caustic 'soda process ofW^tt aud^Bi^^gess may 
i)e taRen as the ty[Mcal ajkali method^ of isolating 4he 
wood cellulosd In this procese the wood, having been 
subjected to stich a treatment as •that described, is 
digested in large boiler with a 'strortg solution of 
caustic soda, under a pressure of about ninety, pounds, 
for ten or twelve hours. It is the necessity for em- 
ploying such high* temperatures and pressure;^ that 
constitutes the sf^rious drawback to the ^Ikali pro- 
cesses, as under the conditions of boiling the ^strong 
caustic solutftm acts on the cellulose, impairing the 
strength and reducing the yield. The reason,^1Ty 
such conditions are necessary is, that the soluble acid 
bodies resolved by the caustic become so oxidised and 
condensed that they counteract and weaken the redifc- 
ing action ^f the soda, and in orSer^o equalise theif 
resistance higher temperatures and pressures have 
be employed. 

I^ is with a view to prevent the oxidisation of these 
acid bodies that the soluble biAilphide of sodium is 
used by Dahl. 'Notwithstanding the presence of this 
reducing age^t, the pressure employed is high. It is 
m'doitig away with these counter-influences that the 
chief |fi vantages of the tcid processes li|. *By usings 
solution (if a bisulpWte, such a» lime or magnesia, the 
acid bodies ^%re semojjcd* by Jntering into combination 
with .the base^ at* the same, time setting free the sul- 
phurous acid, which acts^n the unrcs(^ved woodf until 
all the non-cellulose substances have been removal, 

3 
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Jn Eknvanl: jjroce^s tljue wood is digested in a large - 
lead-lined, jacketed boiler, fitted so as to re\/ 61 veVhen» 
desired. The solution * used is prepared by passing 
sulphurous acid §as, produced from bhrning sulphur • 
in a stream of aii^, up through a tower^in which the 
magnesia, with which it combines to form the bisul- 
phite, is loosely spread out. A stream of water, 
running down through the tower, nfeets the sulphurous 
fumes in .their upward course, and carries them into 
solutidn. 

Care is taken that the sulphurous acid ^and magnesia 
areSj ’ept at the proportions necessary to produce a 
double sulphite. The strength of the bisulphite solu- 
tion thus obtained is about one-and-a^half per cent, of 
magnesia and four-and-a-half per cent, of sulphurous 
?cid. When the steam is turned on, the ^pressure in . 
the inner chamber increases with greater rapidity than 
in the oiiter, owing to the tension of the sulphurous 
vapour; butdt is said that the best results are obt^ned 
by keeping the diffetence between the two pressures 
under thirty pounds. 

As the pressure increases, the blow-off co^ is 
opened that the gases may escape, and thus*avbid 
iC/er-heating end consequent di,scolouring of theyvood. 
In about seven or eight hours the pressuns reaches 
eighty-five to ninety pounds* apd after,, ^about three 
hours^ boiling at that pressure the action is stopped, ^ 
and the wood, gfter washing cand draining, is ready to, 
be bleached. 
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In tfie Partington process the sulpijujrous gas is led^ 
into^tanke containipg milk of lime* and a blsuIpJTi^e of 
lime solutioni at once ofitain^d. By this method the 
Coilftg can be completed in from sixteen to eighteen 
hours, though in some cases, whea increased pressure 
is employed, *"the time required is a little less. 

While the principle underlying the various sulphite 
processes is the same in each case, they are divided 
into tvip classes, owir% to the duration, or rather the 
differences which exist In the duration, of boiling. In 
what are temed the quick” processes, the boiling 
is completed in from twelve to sixteen hours^ ^o 
accomplish the complete separation of the cellulose and 
the non-cellulose substances in that time, a sfrong acid 
solution, at a high temperature, must be employed. • 

In the Mitscherlich process the •solution used is 
much weAer, and contains a greater proportion of 
base. The result is that the boiling must bn extended 
from forty to sixty hours, and the pressure is also 
much lower. By this latter trealment it is claimed that 
a larger percen4age yield is obtained than by the qujpk 
meftiods of^ boiling. It is, however, difficult to se» 
whene this increase can come from, unless the incrust-' 
ing substances are imperfectly removed,* and so ^d 
to ftie w/ight of pulp produ?e^. If this is the case it 
will soon make itself knowfl 1^ the increased amount 
of bleach necessary to give a good colour. . 

Woodland jute show a close analogy in cljjsmidS^ 
compositioi], and the difficulty experienced in bKaching 
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wood, from all the incrusting lAatter has not 

be^n^removed by tlie boiling^ is (kie to the*forntationr 
of a yellow chlorine compound similar to 'that prodvxed 
when chlorine act!> on jute. This yellow body*miist 
first be bleached before the cellulose is^bi;ought to a 
good white colour, and the amount of chlorine neces- 
sary to do this. acts very injuriously on the fibres. 

Tilts weakening is also noticeable in highly bleached 
sulphite pulps; and though tlfe degree of w^iitciiess 
obtained, by using a large amount of bleach, makes 
such pulps suitable for the better jualitici of paper, it 
is^tJj^iined at the sacrifice of much of the original 
strength and elasticity of the fibres. 

ThougK Dahl’s process is generally known by the 
tertn sulphate,” the solution employed to digest the 
vjpod contains oftier* sodium compounds. Jt is prin- 
ci^pally composed of sodium sulphate, sodium sulphide, 
and sodium hydrate, and th^ strength of the recovered 
solution is ni^intained by the addition of fresh qu|in- 
tities of sodium sulphate. This process is said to 
possess a slight advantage over the caustic alkali 
*5methods in point of economy; but it is, the general 
opinion among paper-makers that the pulp produced is 
inferior in strength, and less fi^e from incrustin(|^ sub- 
stances, than that obtained from the sulphite processes. 
Ovrtng to the preseneb tf thesg in^usting matters 
sulphate wood is, however, more Buyable for, the 
jmakmg of papers which are wanted opaque. 

Durfng recent* years the ‘demand for ‘^sulphate” 
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pulp has inci^ased largely, owing ^to (Jevclojtnentjf 

of “1[{raft” brown'' papep, which have entirely super- 
seded certairt classes of brewns formerly used for 
wrapping pui^oscs. The remarkat)le development of 
the Kraft brown branch of the trade js due to the 
fact that the Scandinavian makers were quick.to realise 
the possibilities of pulp specially cooked to give the 
required characteristics. 

In ofder to produce a pulp suitable foe the Kraft 
papers, the boiling is conducted so as to ensilrc that 
encrustating' matters arc not fully resolved, with the 
result that the fibres are not injured, and retaij'/'cheir 
original strength in a marked degree. 

It is a matter of much discussion among British 
paper-makers as to whether the characteristics obtaified 
in the fini|fied sheet are the result of the methods 
boiling or the manner of beating, but it is probaWe 
that they are due to a juciJcious combinatioit; and the 
facjj remains that, notwithstanding painstaking ex- 
periments on the part of Briflsh makers, no Kraft 
yet produced ih this country combines the crispn(tes 
and* elasticitj which form so distinctive a feature oi 
the Kraft papers produced by the best Scandinavian 
niills^ 

Another theory held to account for the superiority 
of the Scandinavian, product % that the change* in 
physical properties resulting from the action of the ' 
hot cylinders of the pujg machines, yhen the im 
dried previous to being shipped, constitutes a serious 
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idrj^w^ack itoXWe ^rpdugtion of strong^ tough paper. 
With a view to .overcoming ,this defect some itritish* 
makers have shipped siflphate pulp containing 50- p^r 
cent, moisture ; l?ut notwithstanding that this pulp 
was specially, prepared with a view to produce Kraft' 
papers, the results cannot be said to have justified the 
increased cost incurred. It would seem that, owing 

c f 

to the presence of the by-produ^cts in the boiled pulp, 
the time allowed to elapse between the finisfi' of thp 
cooking and the beating or milling operation must de- 
termine to a large extent the properties of the finished 
pro^'t. Apart from such considerations as to boiling, 
the ability of the Scandinavian makers to allow 
considerable time for milling the pulp in kollergangs or 

r 

beaters must always^ remain a very considerable asset 
in their favour for the production of a crisp, tough 
Ksaft paper. 

A careful examination ofi the samples of the best 

Kraft papers' will show that the individual fibreaiofi 

the Scandinavian papers are much longer than those 

the papers produced by British makers, and it is 

very probable that, even if the home maker could 

treat his pulp so as to retain the length of the fibres 

'in* the like degree, the product would be lacki|?g in 

firmness and “rattle.” * 
i < c 

It would thus seem that the well-lfliowc character- 
istics of the Scandinavian tpapers are th6 result of' the ' 
^xcep^onal conditions under ydiich,they are prepared 
and having regard to the practically unlimited ^pply^ 
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of pow?r at the command of the majiu^acturers at a , 
nominal cost, it^vill.be readil/uncfef stood that thc^l^al* 
conditions lend themselves in an exceptional manner 
to tlft requirements most desirable* in the case. 

In a Scotch mill, making a speciality of its wood pulp 
papers, the ^frood is treated with a bisul)phite of lime 
solution, prepared by passing the sulphurous fumes 
into a tower containing the limestone, through .which 
a streaqj of water is kfpt running. With the solution 
fnus obtained a charge of eight tons of wood is boiled 
in a large rotary boiler, under a pressure of 57 lbs., 
for seven hours, vfhtn the pressure is lowercd^o»a 
few minutes by opening the blow-off valve and allow- 
"iftg the volatile compounds to escape, aTid again 
increased, this time to 80 lbs. This pressure* is 
maintained for twelve hours. 

The boiled wood, after washing, is emptied into a 
large pit beneath the boiler, from which, afty draining, 
it is lifted into boxes, pressed, and taken to the 
breaker, or washer, as it may mye correctly be termed. 
After washing, iby means of a drum, the wood pulp^is 
emptied into a chest, from which it is pumped to flat* 
bottomed strainers similar to those used in connection 
'with^the presse-pdie, •The strainer pulp* is next run 
into th^potcher in .which th^ yeaching^is conducted. 

After the wopd has received a preliminary bleaching 
the^washing-jirum is let down, and the chlorine com- , 
' j^un^U, formed^ by the action of the bleach ^ thj 
imperfectly removed incrusting matters, waslM out*^ 
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, After this wa/hing is completed the anvjunt of bleach 
^nettescary to bring* tb a*” good colour is run in,iand^ 
when the colour*^is up the vfood is emptied into^the 
draining-chests, wljere it lies until wanted. 

The pulp produced by this process is strong, and 
comes to a g(A)d colour when bleached, it has, more- 
over, one distinct advantage over many of the wood 
pulps jn the market, in that it comics to a soft, greasy 
condition with comparatively li’.tle milling, wyth the 
result that Ihe papers made from it, especially the lightei* 
weights, possess a strong yet silky feel. 

*^1 the present time considerable attention is being 
direct^ by British makers to the soda proc(‘ss, owing 
to the introduction and increased use of poplar pulp* 
produced by the soda process. As is well known, 
American paper-ipak^rs have relied on poplar and 
sifiiilar soft woods for the production of paper? which in 
thfi^ country are made mostly from esparto grass, and 
it is somewhat curious that* poplar pulp should now 
be a recognised materjal for blending with espartoSn 
British mills. . 

^ ^he methods employed in American and Canadian 
mills for the isolation of the poplar fibres by n^pans 


of the soda, process differ vfry little from those ' 
t)ri|inally used 'by Watt md Burgess, excepting^hat 
the /endency is to increasf the pressure and shorten 
the time in boiling. Owing to tlil^ very df^stic action 
of r the soda solution when* employed in conjunction 
T^ith ^\,pressure 6f between r6o lbs. to l lO lbs., the 
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time employod on the preliminary processes may be, 
. curtailed# con sftlerably, the knots* being so acteefypon 
as to be easily removcJ by ^le stranicrs on the pulp 
macfline. T4ie freedom from diit and small chips 
which the bleached pulp displays; when being reeled 
up at the en3 of the pulp machine is very striking. 

To produce a good colour on poplai; pulp prepared 
by the soda proceft it is essential that the washing be 
suffici^t to remove flie combinations which have re- 
*sulted by the union of the soda with the acids egntained 
in the wood ; and in orde r to effect this, the method 
employed is v(’ry similar to thai used in the w^slftng 
of esparto grass, as in each case it is important to 
ensure that complete removal of the objectionable 
compounds without unduly reducing the strength of 
the liquor to be subsequently tftattd in the recovery 
process. 

The methods of boiling and bleaching v^ry slightly 

in the different mills, but as a rule a well-boiled, well;^ 
• * . * 
washed puplar pulp will come#to a good colour with 

about 12 per cent, of bleaching powder. 

Mechanical Wood Pulp. — A large portion of the wood 
used in paper-making has been subjected to no chemjeal 
treatment, and is jenown a? mechanical wood,” to 
distinguish it fi^om the piilj^ produced by the varfous 
chemical processes. The mechanical wood is obtained 
by pressing large blocks of wood against revolving 
grindstones, which tear fhe fibres from the masft The 
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ground wood .washed from the stones 'by me*ans of 
a cgn*tinuous flow o^ water, and .carried through a 
series of screens, *in whjph the dirt and* small ch’ps 
are separated from •the fibres. 

Though the blocks of wood are placed so that the 
fibres will be* torn laterally, the grinding action of 
the stone has the effect of making them very short, 
and this, together with the incruttirrg matter with 
which they are surrounded, def^rives them of their 
felting power to a large extent. 

In order to get as long a fibre as possible, the 
woftd^s sometimes steamed for tA or twelve hours, 
previous to grinding, that the fibres may yield more 
readily to* the tearing action of the stone, and thus 
be 4orn at a greater length. At best the pulp thus 
produced is possonse^ of little felting power, and is 
not suitable for any but inferior grades of paper 
sucii as nejvs or low quality printings. 

Apart from the poor felting properties of the fibres, 
the lignin contained ii^ the wood is acted on by air 
and light if exposed for any length of time. It is 
tfiis oxidising and decomposing action which is Ihe 
cause of the discoloration of paper containing ^ven 
a small proportion of mechanicvil wood pulp. 

, Notwithstanding thesp Serious c^efects, mechanical 
wood is largely used as ar filling material, owing to 
its low price and opacity. Because of* the latter 
jjrbperjy it is much used* to counteract the tranS- 
t parency* of papers made frdln sulphite wood. 
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much as 70 •per cent, is often used/n the manu- 
facttftre cf news, and even with no other fibre^jjian' 
jOtper cent* of sulphate ot ^ sulphite wood a good 
newS is produced. 


TAcft: OF Composition of Woods (MuTlek), 



liirch. 

Beech. 

Lime. 

Pine. 

Poplar, 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Cellulose 

• 5?5* . 

4547 

• 5309 

• 56-99 

•62-77 

Resin • 

. 114 * 

0-41 . 

- 3-93 • 

0-57 

1-37 

Aqueous extract 

• 265 . 

2-41 

• 3-5^ • 

1-26 

2-88 

Water . 

. 1 2-48 . 

12-57 

. 10-10 . 

13’87 

12-10 

Lignin , 

. 28-41 . 

3914 

• 29-J2 . 

, 2691 

20-88 
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ESPARTO AND STRAIV. 
Analysis of Air-dried Samples (Muller). 


Cell u lose 

Spanish. 

Afi loan. 

, 48*25 per cent. , 

. 45*So per cent. 

Kal and Wax . 

. 207 „ 

• 2 '62 „ 

Aqueous extract . 

. 1019 ,. 

. 9’cSi „ 

Pc«toiis substances 

. 2639 „ 

. 29*30 „ 

Water . 

•938 „ 

. S’So „ 

Abh . . . 

- 377 „ , 

• 3’^7 »» 


A GLANCE at the foregoing analysis will reveal that the 
amount of celldose contained in esparto does not qui^ 
reach 50 per cent. Tkit means that, given the best ^ 
working conditions, 20 cwts. of esparto will not produce 
»uch more than 9} cwts. of paper. 

Before this amount can be rendered available •foi 
papgr-making*the 10 cwts. of ntn-available matejjals 
must be got rid of. Nq^ ?)nly do they require to be 
sepaKited from the celldloie, but^they must be re- 
moved in such a manner as will prevent apy recombi- 
njfion ^hich would tend to ^injure the cellulose, 
•Caustic %oda has 1 ;}een found most suitable for this 
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purpose, both on account of its red^(iing and com- 
biniiffe power. ^ 

When esparto is treated .with a hot solution of 
caustic soda, ‘the gummy, resinoiw, and waxy sub- 
stances, together with the silicj^ which forms the 
waterproof coating of the whole, are dissolved— the 
former as fatty and resinous soaps^ the latter as 
silicatip of soda. •The percentage turn-out of winter 
cellulose will be less %an of that cut in the summer, 
for this reason, that the winter cellulose will .contain 
more moisture than the summer. This being so, 
it will require a Smaller quantity of soda to bBil 
with. 

Before purchasing a supply of esparto, *or in fact 
any other paper-making material, a sufficient quantity 
should always be secured to adftit •f a practical test 
being made, so that Ihe papef^niaker may know 
whether the amount of ^available material contained 
is^in proportion to the money he has^to pay for it. 
A neglect of this precaution,# especially in a mill 
where large quantities are used, may and does often 
me^n the loss of a considerable amount of monej^ 
in apyear. 

A^tcr the bales of f rass have been fr^ed from ^he 
hoops ©r ropes with whiclf jhey are held together, 
the small bundles are fed^irfto the dusting machine, 
wlych bre*al^ them up and dusts them at the same 
time. 

The endless felt which receives the dustefl grass 
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as it leaves ^the duster may be extended so as to 
'delifer it* right oVdr tFie boiler .moiAh, and ^lould 
be so placed that space enough is left on eifher 
side for sorters, r^hould there be any. necessit5' for 
removing knots . ^nd roots, which might become 
broken up by the action of the soda,* and so pass 
through the strainers of the ptxsse-pdiey and cause - 
black* or brown specks to appear in the papen 
Esparto, owing to its pecto#s nature, yie^s with 
comparatively little resistance to the reducing action 
of the soda. While it is quite possible to set free 
tWe cellulose by boiling under fery low pressures, 
or even in open boilers, it is necessary to use strong 
solutions,* and to extend the treatment over a much* 
longer time than is required when the pressure em- 
ployed is high. 

*As a rule, the'iiigher tne pressure employed the 
less soda js required to do the work ; but this applies 
only within certain limits, as the use of high pressures 
is very liable to indig:e recombinations of the non- 
cellulose constituents which, in addition to damaging 
^.he pulp, hinder the reducing action of the soda.« 

If vomiting boilers are used, the wort of bailmg 
to 50 cwts. of grass can be*accomplished in to' 
,3 hours, undef a pre^sire of frpm 30 to lbs., 
using 14 to 16 per <?ent. of 70 p^r cent, caustic 
on the raw material. 

•The conditions of worlSng vary in nearly eveiy 
mill, ift accordance with the quality of the paper 
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b6 ma^e, so that no hard-and-fast ru^e ^as to tempera- 
ture* duration ‘of boiling or*stren|;th of solutioiij^tan 
be •set dowm It should, ho^ji^ever, be borne in mind 
that*when the grass used is diffioult to bleach it is 
better and^ more economical to boij with half a pound, 
or even a ^ound, more caustic per cwf. than to use 
extra bleach to give the desired colour. 

Th^ additional •austic will not impair the strength 
of the grass unless tlft temperature employed be much 
higher than usual, while it will have tbe effect of 
softening the fibres and rendering them more easily 
penetrated by the bleach. Extra bleach means ex4rra 
antichlor, injury to the presse-pdte wire, and, in a marked 
degree, weakening of the original strength, together 
with the production of much powdery fibre. • 

Whatever be the material treafed/iconcentrated solu- 
tions of caustic soda perform tlf^work much more 
expeditiously and effectively than dilute o^es; sofbat 
a better result will be obtained by putting in as large 
a quantity of the material as passible, thus leaving less 
space to be filled up with water, than by boiling a 
smaller amount with a more dilute solution. o 

• After the boiling is completed, the steam from the 
blo^-off should be used to heat the water to be y^sed 
for waahing. 

When all th^ spent lye ^a« been run to the rcJhster 
taijks, assuijiing that it is to be evaporated and re- 
covered, the grass should be treate^d with hot^watfe^ 
the hotter the better, as when hot it frees thb fibres^ 
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from file fattjj and soapy suDstanccs which still cling 
to 

After standing* for so^e time, this first w^ater, as it 
is usually termed,* is also run to the remaster anS the ‘ 
boiler filled with cjcan cold water, which, is allowed 
to remain in Contact with the fibres until it is required. 
When this las^ water is run oil* it may be pumped ti 
the blow-off tank, there to be healtd by the blow-off 
steam, and used as a first ^w’atcr for tl»e next 
boiling.^ 

In some mills the grass is taken straight from the 
bailer to the pqtcher, w'here if. if washed by means 
of a drum similar to that used for washing rags. ^ 
Many paphr-makers object to -this method of washing, 
as ta large proportion of the finest fibres are very 
liable to pass thfough the meshes of the^wirecloth 
cohering and be cahicd away with the washing water. 

t'ery gopd results, both f<jr cleanliness and yield of 
fibre, are obtained when the grass is washed in^a 
system of tanks connected together in such a way 
that the w^ater after rising to the top of *Lhe one passes 
Ip the other, and so on to’ the end of the series. The, 
motion of the w^ater is so slow that sufficient tinffe 
givjn to clean the grass without carrying awaj^the 
t finest fibres. 

When the grass in e^tl# chest is washed clean, the 
pipe connecting it with the next one is, efosed, and 
• tjift water drained^ away throu^ the perforated false 
, bottom formed of iron plates. The grass generall^^lies 
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in the chest for twenty-four hours, but can? be washed 

t » C •’ I 1 

much quicker when required. 

Another syst^ of washing, said to give very good 
results, is that of treating the grass ii!i the boiler with 
cold water ujidcr pressure. The pnessure is main- 
tained by a force pump, and the outlet is into §i tank 
above the boiler. This water can be heated and used 
to wash. the next bolting. 

In some* mills the grass is washed in the t^oiler by 
blowing a blast of air into the water, and thus creating 
su/Iicient agitation to,^free the fibres from the non- 
‘ cellulose substances which still cling to them. In this 
w^ a boiling can be well washed in four hours when 
the water is changed three or four times. The chief 
advantage of W’ashing in the boiler. lies in the saving 
jf time ai^ labour effected, as compared with the 
washing in tanks. 

When steam is used to^aid in bringing* up the 
colqpr great care must be taken not to c^verheat, or 
tlie strength will be impaired and»the colour go back. 
‘Eight cwts. of grass, reckoned on the raw material, 
shoulcf be perfectly bleached in about 2 or 2^ hours 
with about 8 per cent, of bleach. 

The pleach should be ‘run in with the^ wfiter whi\p 
furnishings and when* full the steam, should be turned 
on. When the heat ^ up, ^fhich will be in about 
twenty minutes, it should be^ turned off. The steam 
. cocks should be perfectly tight, as if th|y allow ste^ra 
to pass when shut the grass will be in danger ofT)eing 

4 , 
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overliea{ec];t and this is especially so when it is left 

yfanding in the potcher for any length of time. The 
same care must be taken in using thd antichlor, a^ is 
necessary with tags, that no excess ’ be present. 

It is the practice in some mills to run the grass over 

if t, 

the prf.sse-pdt€ before bleaching, so that the wdre may 
► not be damaged by the acid set free when the antichlor 
decomposes the bleach. Unless the grass has been 
properly, boiled, the roots and hard ends wi^I not yield 
to the action of the bleaching solution, and owing to 
the hardness of the fibres they will not go through 
‘ the plates of the presse~pdte strainer. 

Though the percentage of cellulose contained in strgw 
is nearly as high as that from esparto, the yield of 
Sivailable paper-making material is not so high. Owing 
(.|o the chemica*i^and physical characteristics of straw,^ 
^it requires to be boiled witH a larger proportion of soda 
than is necessary for espaiEto. The compound cellulose, 
which constitutes the basis of the straw plant, con^ins 
a greater proportiofi of lignin than the esparto cellu- 
lose, and ligno-cellulose is much less* susceptible to the 
reducing action of the caustic than pectqjcellulose. 

In addition to this, the knots must, be so fedlice^ 
Jl boiling^ that the bkachin^ solution will beoable to 
saturate them without using a^i excessive quantity^ 
fhe effect of this ex^tra soda [s that the finest fibred 
are liable to be carried ,away with the washing^ater, 
and thus the pield is oftei^ as much as 10 per cent, 
less tSian that from' esparto 
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Straw IS usually boiled in rotary boiler§, ^as by iTsing 
them tl!e pulp is *30 induced as totu^n through a pipe 
into tne steeping tanks, and thi;s tb^ lifting from the 
boilers is saved.* The boiling pressi^pe is also higher 
than for grass^ fifty to sixty pounds being often employed. 

The boiled straw may be washed in laf’ge cement- 
covered tanks, and after draining be dug qpt and taken 
to the potcher to b^ bleached in the ordinary \tay. 
When it ir*to be used in the mill it may be run straight 
to the bleaching house to drain until wanted, it 
is usually run over the presse^pdte in the same way 
as grass. 


Papers made fiom straw are, owing to the hard 
nature of the ultimate fibres, very hard and* brittle. 
This want of flexibility is as much owing to the smootl% 
Jiighly-pol^^hed surface of the fibres, ai to their short- 
ness and stiffness. When 5 or 6 ‘per cent, of gooJ, 
clean straw pulp is used, thj paper gets a fivner grip 
and rattle. 

Straw also helps the sizing, pr^obably owing to the 


; pores of the paper being filled up with the fine fibres, 
as mfleh as to its Hardness, but it is not suitable for 


j^ap^rar which are wanted to bulk well. 


Analysis of Sitiaw (Muller). 

f Wiuter whea^ Winter rye. 

Cellulose . . 4660 pe%cecit. , 4769 percent 

Fat and wax- . • i‘49 » • i'93 » 

^quFOus extra<^8 , , £ 07 „ , 0 05 , 

Nf<MKellulpse' or lignin . 28-49 * „ . . 2675 „ 

WValor . . . . ^'85 „ .• 11-38^ 

; 550 „ . 320 „ 



CHAPTER VI. 

BEATING. 

Jt is an accepted principle that in order to produce a 
^paper which will have strength and tearing strain 
the fibres must be kept long in the beater ; and more 
especially does this apply to such thin papers as banks 
and loans. While it is quite true that long fibres do 
^ive these qualfJes*to the papers made frqpi them, it^ 
is also true that tRe fibres *may be kept long and yet 
the papes produced possess less firmness and tensile 
strength than if they had been kept finer. ^ 

Whether the fibres be long or short when they 
reach the machine, the properties of the paper made 
depend on the treatment they receive during the first 
hour-and-a-half in the beater. If the roll be put siiarply 
dqwn on the plate at first, the fibres, while still refining 
their length, will become weakened, and thetsheet will 
hive a raw, soft feefinfe, which even the addition of 
more than the usual ampunt of starch jvill not jover- 
come. 

Such stuff is generally termed **fast” or '‘free* 
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and though for certain classes of papers^ s^ch as^hick 
chroinos and litltos, the thickness* of which rend^s 
strength and firmness in the ultimate fibres a matter 
of less importspnee, free stuff is dftsirable, yet the 
beater-maii ^hould try to temper the stuff so as to 
preserve as fai* as possible the original strength and 
elasticity of the fibres. 

The rawness referfed^ to is also very noticeable in 
papers made from esparto, to which have been added 
I or 2 per cent, of strong rags. In the beating of, such 
stuff, especially if tl^ paper be thin, the idea that 
length means strength is often so much developed that® 
when the pulp reaches the strainer a large proportion 
of the rag stuff refuses to go through. 

A little consideration of the subject will show that 
Jhe behavi^mr of the fibres under* the»influence of the 
shake, as they are carried along th*e wire, has a great 
deal to do with whether tjre sheet be strosg or the 
reverse. If a sheet of thin paper be placed under the 
microscope, it will at once be seen that there exist 
between the fibres spaces which seem to be filled with 
some* transparent non-fibrous material. 

^ The longer the fibres the more apparent do the spaces 
becomf, and, however minute, their presence must tepd 
to weaketi the sheet. When the fibres are a shade 
finer, the finest of. them will, ifnder the influence of fhe 
shake, settle down into these spaces, thus making the 
sheet more closely felted. 

This is the reason that, when using broke fi^m the 
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edgtVunner^ ,so large a proportion of the loading is 
carried in comparison with the amoiint retained when 
no broke is used. ^Edgerunner broke is generally 
reduced to such' a state of fineness consequent on its 
having been under the action of the roll^ so often that 
it floats oh the surface when on the wire ; and in ‘ 
addition to ^he shake, the suction of the pumps tends 
to draw the very fine fibres vfnich compose it into 
the spaces referred to. 

In, filling up these spaces, not only do the fine fibres 
greatly assist in making a close ^d evenly felted sheet, 
^but by their presence they also prevent the loading 
materials from passing through the meshes of the wire 
as they would otherwise be very liable to do. 

' t; It is in the making of such papers as banks and 
loans that the HI efSects of keeping the stqff too long 
become most apparent ; and this is especially the case 
ii the strainer plates used for the ordinary fine stuff are' 
expected to take through the long rag stuff equally 
well. 

The rubbing of the plates which is* essential in such 
circumstances, in order to keep them from clogging up 
altogether, has the effect of completely spoiling^ % hat 
.would under other conditions be a clean, strong^ sheetl' 
by peppering^^it with jlfrt and knots. Only those who 
h^e had the working t)f<^such stuff c^ fully appreciate 
the improvement which a finer engine .will make in 
regard to the appearance ^and ^strength of the sheet : 

It ^^ill be more mellow, strong, and clean, and 
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least of the advantages derive^ will be Phc giviijg of 
more ti-me to tha machine-mar to inn st&dy weigljt, 
unhampered hy^ the flooding and thinaing which afle 
un*avoi<Jable in speh a case. 

In preparing stuff for thick papers, such as chromo 
and litho prmting, the roll must be put ©down from 
the first, that the stuff may be fine and free,»and so 
part with the watery easily and give a close, evenly 
felted sheet. To insur^ that the stuff will not be too 
soft, it should not run more than three or three-and- 
a-half hours in the beater. 

Stock intended fc^ thin, strung papers must be^ 
drawn out and milled in the washer for at least six 
Hburs, and in the beater for ten or twelve hours. 
Blunt plates and rolls are necessary for the milling 
of such stuff, as a sharp plate or roll would cut 
Jit up too much, and, making it fsee, prevent it from 
softening properly. 

In preparing long greas^ stuff, intermediate beaters 
pSksess this advantage: that b^ having* blunt plates 
uid rolls in the £rst engine, the stuff is milled in such 
i wa/y as to render the fibres long and flexible, and 
:apahle of iniparting a soft, silky feel to the papers 
made from them ; while in the second engme they can 
be leSuced to the required length when ^ they are' in 
such a condition owing to tl)p |irst treatment that ^e 
cutting action of theP sharper tackle will not impair 
their strength. 

Several engines havihg the same enJ in view ye ‘used 
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in Acnerican'paper-mills; and one of these beaters, or 
‘^^perfectlng' engines/’ is they are termed, is becoming 
pVetty well known to paper-makers in this country 
under the name pf Marshall’s perfecting enginl. "l*he 
author was running the machine lo which it was 
attached when first tried in the mill where he served 
his apprenticeship, and had therefore a good oppor- 
tunity of judging its merits. t- 
The engine consists of a cofiical cylindcr,^thc inside 
of which’ is fitted with steel bars in mucli the same 
manner as the bed-plate of the beating engine. 
Jnside this cylinder a conical rol^ also fitted with steel 
knives, revolves at a high speed, and as tl^e stuff 
passes between the roll and the bars on the'insiefe 
of the cylinder, it may be reduced to any degree of 
fineness. On rej^iching the end of the shelj. the stuff 
fti*made to pass befr-veen a r,evolving and a stationary 
diuc, both of which are fitted with knives. 

The action of this disc or brush, as it is called, 
serves to rub out ajl knots' and chips in much tlie 
same way as docs the rubbing of Jthe roll in the 
ordinary beater. This' beater possesses all the advan- 
tages of the intermediate system, while requiring much 
less space a^d driving power compared with it. 

In the preliminary treatment nc;pessary in (be ordi- 
nary beater, before paswng the sti^ff through the 
perfecting engine, the roll should be let down Jo a 
little more than a rub— ju^ sufficient to mill the stuff 
'is ^ir that is required, When emptying to the chest, 
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from which the perfecting engine is supplied, fhuch 
less water must* be put dowli tHaii is usual wh«i 
emptying to the machine chests; the feason for this 
being tRat the thicker the stuff is in its^passage through 
the engine the better does it accomplish its work. 

As the pulp lifter passing through the Agine flows 
into the machine chests in a continuous stream, the 
weight is more con^nt ; and when it does alter*one 
way or another it does so very gradually, thus insuring 
that the machine-man will notice and correct it before 
it can have much effect on the sheet. If the pulp 
contains a large pr(?portion of grass, it should be 
diluted by running in a stream of water as it leaves 
the perfecting engine, and thus prevented* from Tunning 
into knots in the chest. 

When t|je stock consists of materiate which are not 
fitted to bear the same boating stPain, it is better to 
beat them in separate engines. Of course Jt is not 
always convenient to do this, especially when the pro- 
portion of strong or weak stock# is small. To treat 
such a small preportion separately would keep back 
the oTher engines too long, in addition to changing 
the proportions in the finished sheet. 

In oidci* to reduce good Spanish grass te fine stuff, 
it requires a firmer t’*eatment ^ith the All than most 
of the rags which are mixed w#thPit would get if treatEd 
in a separate engine, and this should be taken into 
account when selecting tjie rags to be psed along with ’ 
it, When the stock consists wholly or in largE pro^ 



5 8 PRACflCA^ PAPER-MAKING, 

portion of cfiemical wood, the engines must not be 
haavily loaded nor •allowed to run long in the mill, r*s 
tfie wood is rtduced very easily and soon bcLomes 
greasy. 

For medium weights of all wood-papers three hours 
is quite sufficient, and for the lightest weights eight 
hours. • When it is especially desired that the paper 
should not crack when folded tfee time may be ex- 
tended to six hours ; but in tlfat case the n^^chine will 
have to go slower in order to allow of the water being 
taken out. Some wood pulps, however, are much 
•more, difficult to soften than ofhers, and even after 
milling for a considerable length of time still tend to 
be free.** This is in all probability due to the treatment 
iji boiling or bleaching, or perhaps in both, having 
been too drastv, with the result that tjie natural 
Vasticity of the filfres has-been impaired. 

* When paking unsized papers it will be noticed that 
the sheet tears much better than a sized sheet from 
fibres of a similar fineness will do. This affords conr 
elusive evidence that, within certain* limits, it is the 
, flexibility and softness of the fibres, more than* their 
length, that give tearing strain to a sheet. • 

The unsized fibres are not coated with' the jjsinate 
of alumina us6d to sizf Vith, and therefore retain their 
naturar elasticity and •tensile strengtti. When under 
the action of the shake the unsized fibres are more 
^•closely felted than woAd be possible were they 
stiffenfd by the size-coating, and this is more notice 
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able if the sheet be torn across the instep of 
down its length. 

When a sheet of paper is torn the* fibres are not 
broken, they are* simply pulled asunder, and it is for 
.^this reason that it always skins" better when torn 
down the wire* than acrois its length. • Stuff for 
blotting-papers must be cut up as quickly as possible 
in the boater, and ri#i not longer than an hour ^nd 
a half in Uie mill. The beater must be light loaded, 
and the stuff kept constantly travelling, otherwise it 
will not have a uniform absorbing-power. 

Soft cotton rags are generally the stock from which 
blottings are prepared. Manilla hemp, owing to its 
soft, lustrous nature, and the width of the centrll canal, 
should, with proper treatment, be possessed of good 
absorbing gualities. 

Whatever be the shape ®r size bf a beater, it must 
be so constructed that no s|uff will lodge in^any part 
of ft, and for all-round work it must have a roll heavy 
enough to thoroughly soften thetpulp and keep it in 
constant motion.* If a beater of large capacity is 
desired, Forbes’s patent double-roll beater possesses 
jll the* requirements, with the exception that the rolls 
are njoj^heavy enough ; but with heavier roHs, and the 
speed of the lifter notfaster than js necesSary to ensure 
good travelling, Uie pulp prdBubed will be of a vefy 
"uniform character. 

'-it is the practice in ^ome mills to |/ash the inside 
of the beating engines with soda ash, ai\d even Rustic 
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lye, •When ^hanging colours, with the result that the 
sjnooth skin, whitlt coSts the sides, 'is rendered quite 
rough. This roughness retards the 'passage of the 
pulp in a way that is almost incredible to those who 
have not witnessed its effects. Not onjy does such 
washing inflierfere with the travelling* but it is the 
worst thing possible for causing rust spots to appear 
in the paper. 

Under none but the most exceptional cirftumstances 
should the rolls or sides of the beaters be subjected 
to any washing or scraping which will tend to break 
•up the enaniel-like surface which, if let alone, the 
continual contact with the moving stuff, and the 
chemicals contained in it, will impart to them. Under 
the ordinary conditions of working, beater-rolls should 
run from eighteun to twenty months after Jlli ng, and^ 
led -plates from ten*to twelve weeks. 

Should, the plates be forked for a longer period 
than that, the roll has to be put so firmly down, in 
order to make fine «tuff, that the driving power is 
taxed to the uttermost, and, in addition, the stuff, from 
having to be kept a much longer time in the engine 
before it can be made fine, is very liable to become 
too soft • ^ 

As a result •of the ipS-eased demand for the cheaper 
grades of paper, conalsing wholly or in large part 
of wood pulp, the tendency in beater construction has 
4)een towards Jhe production, of beaters of larger 
c&pacitj^ i and no doubt, when it is possible to arrange 
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for long runs on one grade of paper tliese Rirge 
engines possess ^veral distinct adVantages. 

The colouring of a larger body of pulp at one time 
tends to regularity and the prevention t>f shades, while 
the pulp is inych less apt to become too greasy, owing 
to the fact that ft has much further to trav^el between 
each contact with roll and plate. The necessity for 
the prodiiction of fre^ ^uff which will allow of qtJick 
driving and a close even sheet has led several paper- 
making engineers to design beaters in which the^ roll 
is placed so as to be ^uitc clear of the pulp, the latter 
' being supplied in some instances by means of a sarew, 
and in others by a circulating pump. Perhaps the 
most popular of these new types is that kn^wn as 
the ‘Mfibbert” beater, which also combines the beating 
|nd refill iig, and has been largely adopted in mills 
making long runs on wood pulp papers. 

It must not, however, be assumed that, bqpause for 
certain grades of w^ood pulp or esparto ^papers the 
newer type of beating engines ofier advantages, the 
Hollander type haft been rendered obsolete. The fact is 
that tfie tendency to specialise is becoming much more 
notiteable, witTi the result that makers, having proved 
that a pertain type of beater suits the special papers 
to which Miey are turning their attention, Ve installing 
the particular berter when offi)cfrtunity offers. 

The problem which confronts the paper-maker when 
called on to decide on, the type of heater to adopt 
must depend for its solution on the special rd^uire- 
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meifts of paper he desires to produce, and the 
power at his disposal for beating purposes, together 
with the physical properties of the raw* materials to be 
employed. In brder to produce from, say, esparto, a. 
pulp which would be capable of settling^ down quickly ‘ 
on the mal'hine wire, and making, uifder the influence, 
of a mediuip shake, a close, mellow paper — which; in 
vieV of economical production. i!lust be turned out at a 
quick speed — the roll and bed-plate bars wauld require 
to be somewhat sharp, in order to shorten the fibres 
sufficiently without rendering them so greasy as to 
retain the water too long on the wire. The circulation * 
must also be well maintained, and for the preparation 
of sucfi papers the new type of beater offers distinct 
advantages, as, with the independent circulation, it is 
possible to arre*.t the flow of the pulp when it is fully • 
prepared, and thus avoid getting it too greasy. 

Most practical paper-rngikers will be ready to admit, 
however, that a beater which is eminently fitted^for 
the production of fifte, free stuff, will not of necessity 
produce as good results, even undei^ skilful manipula- 
tion, when working on, say, chemical wood pulp for 
the production of a paper such as the thin Krajf 
papers, in which the indispensable requiremciits are 
toughness and flexibility, together with the mellow 
appearance characterfstft: of wjll-miiled greasy stuffs , 
from the Hollander type^ * 

Notwithstanding the degree of nicety with whicji^ 
the ftll can be raised or lowered, and the means;: 
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thus at hand for regulating the superfu:ijl pressure 
extrted on the uftimate fibres fhey pass betweeff 
the bars of the it)ll and the bed-plate, the pulp produced 
with sharp bars invariably weaker, ^nd (though the 
ultimate fibre§ may be a fair length) Jacks the greasy 
well-milled feelVhich is indispensable for the pro- 
duction of thin, tough papers. This inferiority is all 
the morei noticeable slfti^d the stock consist of strong 
rags and w«od pulp, as the already disintegrated wood 
fibres are too much cut up by the treatment necessary 
to open out the fibre jjundles of the rags. It is well 
known that a light beater roll will draw out the ffbres 
much better than a heavy one, but that, in order to 
produce equal results in the reduction of the'*fibres, 
the light roll will take longer time. The whole? 
question really lies in the superficial pressure exerted 
by the roll, and with slmrp bars the pressure is 
increased in proportion as, the area of th^ bearing 
an^ cutting surface is reduced. 

For the production of the hightr grades of writing 
and printing papbrs, in which the appearance is so 
important a factor, the best results will be obtained 
yitlf bars about one-sixteenth of an inch on the face, 
This^will be found to hold good whether the half-stuff 
consists 0# rags, esparto, or wood; and as the demand 
for cheap, su?art-l€>okinjf papeif sterns to become more 
j^onounced, such conditions ^are likely to govern the. 
:;type of whatever innovations may appear in beater ' 
construction. It will be generally admitted thSt for, 
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goofi all-rcuii}d work the medium si/e of beating engine, 
^Frying from 506 to* 700 lbs. of sfuff, is undoubfedly 
the best, although, as mentioned above, beaters of 
larger capacity • possess certain adx’tintages tor long 
runs’ on one qualify of pulp. 

While ito hard-and-fast rule as tfe the conditions 
of the bars, can with any safety be promulgated, it 
wih be of material assistance^o paper-makers who 
wish to determine the most suitable condiWons of roll 
and ^bed-plate bars, for the treatment of any particular 
half-stuff, if they will set to work and find out the 
exaeft relationship which exists between the state of^ 
the bars and the amount of superficial pressure exerted , 
betweeTi them when in contact with the stuff. To state 
Ihe matter crudely, the smaller the area of the points of 
contact, the grater the pressure exerted oa the fibre^ • 
and vice versa. 

With ^ view to testing^ the difference produced on 
wood pulp jpapers by beating the fibres under a km 
superficial pressure,*the writer has substituted a solid 
block of granite for the usual bed-^flate of steel bars^. 
with excellent results. The experiment was first tried 
with a beater of the usual Hollander type, carrying 
from 450 to 500 lbs. of pulp, having a roll 42^ inches 
on the face, with 72 bars drawn out to one-eighth of an 
inch on the face. I'he^plate contained 26 bars, also 
one-eighth of an inch wide on the face. The granite 
block gave a Ifcaring surface pf 42 inches by 8 inches, 
and \fas hollowed out to suit the sweep of the roll, , 
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with the result that the ultimate fibres -.vcrc 
out, as they were ^wept acrossc‘btii granite 
' the action of the. roll bars. 

By substituting^ the solid block the superficial 
^pressure is thus reTluccd to about one-third, while the 
number of cuts p^r revolution of the roll iii now 72^ 
as against 1872 with the steel plate. 

The advantage gaiiu^ in beating half-otuff, whiah 
already contains a sutficRnt number of short fibres 
to impart the desired firmness to the finished sheet, 
witi.out the necessity of further shortening them,* is 
Uery considerable. Affer a trial ^'xtending ovej^ a 
period of eighteen months, the net results of preparing 
stocif, which is wanted long and tough, undar the 
lower supe. ficial pressure, and with the cutting power 
so much reduced, showed an increase of 30 per cent, 
in^the strength and firmness^ of the#papcrs produced, 
together with a very considerable increase in the turn 
out, due to being able to get tRe stuff out in a shorter 
timS Originally intended to draw^out sulphite wood 
without cutting it, the method was tried experimentally 
on strofig rag stuff, and with such good results that 
it was addf>tcd for beating fibrous materials, such as 
sfrong cotton and linen rags, hemp, and jute. Ihe 
increas»^e of jtrength is most noticfable whei^the furnish 
consists of a mixture of fibres yhich present a variety 
of characteristics as to •length and resistance to the 
knives, as the weaker fibres "are not ^rendered toe 
ishbrt before the stronger ones are sufficiently diiiwn 
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out Thifi increase in the strength of the finished sheet 
cwas so marked in one instance, that when the machine 
started up with the stuff prepared under the new con- 
ditions the paper was considered much above the 
usual quality that an additional quarj-tity of loading 
was ^added to bring it to the desirdd standard. 

Not the .least advantage in vordng the solid block is 
that the stuff from strong m^^^t^'ials can be cleared much 
better; and though the individual fibres retain their 
original length in a much larger degree, this freedom 
from knots has the result ^ of making them pass 
through the screens much more readily than fibres 
which have been cut short without being sufficiently 
drawn out and set free from the fibre bundles, as is 
often the case when long stuff is prepared with even 
moderately shlirp tackle. V/hen the blocle is made, to 
fit the ^^den^’ exactly, it becomes a very simple matter 
to substitute a block for a plate, or vice versa , should 
the partic\ilar requirements of the paper it is desipable: 
to produce rendef it advisable. Should the blocks 
become worn smooth, as they do*' in time, it is well' 
to have them picked on the surface^ as in this way 
they retain the stuff better, and the beating can 
accomplished in shoi^er time. 

^ When tried against steel plates, the Writer foupd." 
that with rough blocks a better quality of paper ,couKf!i’ 
be produced in six hqurs than could be obtained, ial 
eight hours Ifom steel platas. * 
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LOADTtfO.— STARCH.— COLOURING MATTER. 

Loading. — It is not an uncommon idea with a great 
% 

tnany people that, in adding loading materials tcT^he 
paper in the process of manufacture, the paper-maker 
is actuated by a motive akin to that which prompts 
the dairyman to water the milk. 

• ,jThough the percentage of loading ift some papers^ , 
would seem to justify such an opinion, yet, as a rule, 
the loading is added with a distinct view to making the 
paijfr more suitable for the particular purpose to which 
it is applied. In the case of printing papers especially, 
the addition of ij or i6 per cent, of loading, by 
making them more absorbent, enables them to print 
much better, and lessens in a considerable degree the 
friction when in contact with the ^ypes. 

. The first*thing that the paper-maker must take into 
l^sideration when selet^ing a Toa*ding material is that . 
^ themical nature is such th§t when in contact with 
^ free acids or chlorine compounds,** liable to be 
i^ent in the nub. no chemical or nhvsical change 
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will result. • When that has been satisfactorily settled, 
Jthc next requirement^ to be looked* to is freedom from 
sand or coarse particles, which would tend ^to impair 
the value of tfie paper; and lastly.Hhe colour should 
be bright enough to blend with the sjaades of paper 
for wh'ch^'it is intended. * 

Kaolin, nr china clay, as it is usually termed, is 
the loading usually cmployej^.^n the making of news, 
printings, and the lower qualities of writings. The 
clay is made into a thin cream with water, generally 
in a chest fitted with a revolving agitator, so that 
wh^n furnished to the engine it will always be of 
the same consistency. Some paper-makers mix it 
with resin size, the idea being that in this way it is 
more firmly held by the fibres, and less liable to 
pass through 'the meshes of the mactiine wire. ^ • 
Before running^into thet beater it should be carefully 
strained, so that any sard or iinground particles may 
be kept b^ck. The sieves used for this purpose shpuld 
be very line, as eVen the best grades of clay contain 
a considerable proportion of extran^fous matter. 

China clay, in addition to enabling the paper loaded 
with it to take up the printing ink more rapidly, helps 
materially in bringing up the surface when calendering, 
though from its power of absorbing moist^ure the hi^ 
^nish thus obtained fs liabl^ to go back if exposed 
in a damp atmosphere^ Should an excessive -amount 
be added, <(r if it has hfitn imperfectly strained, 
the^ pressure of the calender rolls will have the effect 



CHINA CLAY.— PEARL HARDENING, 69 

of squeezing the coarser particles out leating 
the sheet pierced with innuhicra*bre very minut^'^ 
holes. 

The si*zing and* feel of clay-loaded papers are never 
so good as with papers loaded with §uch materials as 
pe'arl hardening t)r barium sulphate, nor do^ they bulk 
so well. Heavy chromo and plate papers often contain 
as much as 35 to 40>^r cent, of clay; and though 
such a large amount is very apt to cause “dusting” 
in cutting and printing, the impression obtained is 
much more clear, and the colours are absorbed more 
rapidly, than wmld be possible with a smaller •pro- 
portion of loading. 

For the better qualities of writing paperb, the 
materials used are calcium sulphate, sulphate of bariumj 
•barium chloride, and agalite. 

Calcium sulphate — or pearf hardening, as it is usually 
named — is generally clean enough to be addod to the 
engine without straining, and is added in the dry state, 
and owing to its fitmer nature the sizing is much less 
impaired than witl! clay. In addition to its hardening 
properties, it imparts a purity of shade to the paper, 
whicli makes it very valuable as a loading for the 
finer quflities of writings, in which look is of the first 
importance This brilliancy is* also possessed bj^ 
barium sulphate, tut as^it is nlt*usually so free from 
dirt it Is riot so suitable for hig^-class papers. 

Barium sulphate, owing to its high specific gravity, 

not carried so well by the stuff, and wh?n diTuted 
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to tfie consistency usual in the sandtrap, a large pro-^ 
■♦jportion' settles OuC anrd adheres to .the bottom of J;he 
spouts. This; together with the amount which passes 
through the wire and is deposited on the Bottom of 
the save-all, reduces the percentage carried to about 
30 per cent, of the amount actually ydJed. It should 
be mixed with water and strained before being put into 
the engine, otherwise a largey^imount of dirt will be 
carried into the paper, ^ 

A paper, weighing equal to about 40lbs. demy, when 
loaded with clay to show 19 to 20 per cent, on 
burring, will carry as much ts 85 per cent, of that 
added to the beater. Should such a paper consist of 
a large proportion of edgerunner broke, the amount 
I carried will in some cases be as much as 90 to 95 
per cent. ^ 

It must be bovne in .mind, however, that when 
edgerunner broke is used, the amount added to the 
engine will contain as much as 15 to 18 per 
cent, of clay firrpjy fixed on the fibres by Ithe 
previous sizing and drying, so that the percentage 
of that added as clay, which is carried in the ‘paper, 
is not so high as it at first appears. •'’Heavy ch^omo 
papers burning 35 to 40 per cent, of clay ji^ill noV 
carry mor^ than ^0 per cent, of thp amount 
%l(Jed. 

This is owing to the beating of the jututf; which is 
cut up very quickly and thus rendered very fre^ 
coujfied with the fact' that the machine wire In: 
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travelling so slowly gives more time for the loading 
to be shaken thrcyjgh the mes?',€S.* The percentag 
of barium sulphate carried will seldom exceed 35 
per cenf.’, while* pearl hardening will usually turn 
‘Out 50 per cent. It is claimed ^that by using 
chloride of bariam, and adding a slight •excess of 
alum or alumina, sulphate of barium will be* pre- 
cipitated on the iibre.^^n such a way as to enatfle 
^them to retain it much better, and so increase the 
turn out. 

Agalitc is the only loading material apart from 
ground wood which c!in claim to be more t)iii» a 
loading, on account of its fibrous nature. 

Agalite is prepared from asbestos, and retaftls the 
ibrous nature of that substance. Owing to this 
the loss in passing over the wire is «iuch less, and 
indeed it is claimed that in ordinary circumstances 
as much as 99 per cent, js actually carried. By 
using agalite the surface is much improved, owing 
to Its soapy nature, and the si/mg is not impaired 
IS with china clayt 

It has the drawback, however, of making the paper 
loaded with it very greasy, owing to the size having 
become ^xed in the pores, and retaining the water 
'ftry obstiiately. 

Starch. — ^This is apptied to papers in the process 
of manufacture for the same reason as^it is used by 
the housewife in preparing collars and guffs for irdhing 
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ana glazing — namely, for hardening, and enabling 
them to resist the effects of moisture, as well as 
for imparting a high ‘polish in the subsequent glazing 
process. 

In some milh it is the custom to boil the starch 
with, the rcsinate of soda solution* before adding it 
to the pulp, as in this way a larger percentage is 
retained by the paper. Wtfn applied in this way, 
the paper, though taking on quite as gcod a surface, 
has not the firmness and rattle obtained when the 
starch is added to the p^lp in the dry state, 
or Merely dissolved in cold water, that the impurities 
liable to be contained in it may be kept bac|jf by 
putting it through a fine wire-cloth sieve. 

, Colouring Ittatter. — Notwithstanding the purity 
colour that can be obtained by a judicious use of the ’ 
bleaching solution, very <few even of the finest qualities 
of white papers are made a self-colour.” The coif jars 
used for brighteifing or enriching the majority of 
cream coloured papers are ultramarine and carnation. 
In order to ensure uniformity of ^hade, a certain 
standard should be fixed for each of these coiourg; 
and thus, by comparison, the colouring j^wer of 
new brands which may from time to time *be brought 

can be at once (letVrainecl The standard sample 
may either be prepared by mixing a known quantity “ 
of the colour^^ decided upom as the standard, with a 
measured quantity of fine starch or pearl hardening ; * 
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or by dissolving a small portion in hot \j^ater, %nd 
sattirating narrovf strips of »vhife blotting papei^'' 
with the^ resulting colour. 

By treating ecfi^al weights of the new samples in 
exactly the ^ame manner, taking care always to 
preserve .the saAe proportions when diss?)lvin^, an 
accurate idea of the relative colouring pcjwer can at 
once be obtained, anc^^ short calculation, based on 
the amount of pulp coloured by the standard, will 
enable the papermaker to determine whether^ the 
colouring power of th(^ new sample is in proportion 
lo its cost. 

TJe behaviour of ultramarine — or, to use the best- 
known name, blue—with the alum solution u&d in 
the mill, should also be ascertained, by allowing a drop 
't(i remain in contact with a diluted silution of alum 
or sulphate of alumina for ^ sufficient length of time 
to show wdicther the colour #w’0'jld be affected during 
th|^ contact necessary in the beaters, macljine chests, 
and sizing tub, 

Blug should always be dissolved in hot water and 
carefully stuained before adding to the pulp, so that 
yo Insoluble particles may be fixed on the fibres, 
and appear as blue specks onjthe under side of the 
sheet. TT) ensure that the colour will Se uniformly 
distributed, when a (;pnsiderabfe quantity is being 
used, half of the amount necessary should be put in 
just after furnishing, so that it may^e thoroughly 
mixed, while the remaining half should be ^dded ^9 
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soop as it *has been ascertained whether any altera- 
fction is to be made. 

* Pulp which has be^n left standing in the machine 
chests for any length of time will geiv^rally bef found to 
have gone back in the colour when ‘blue is the colour- 
ing matteripused. This fading will b^ greater in pro- 
portiefn to the amount of acid contained in the' pulp, the 
exposure to*^ light to which it ^jj^s been subjected, and 
the amount of iron impurities contained in the water or 
communicated from the rolls and sides of the beaters. 

In some mills the amount added, in order to counter- 
act thjs fading, when the pulp tias been standing frotni 
Saturday night until Monday morning, is equal to a 
third of the colour used to give the desired sh?de, 
^while in others a sixth is found to be sufficient. When 
making papers , coloured with smalts, which is unacted 
‘dn by acids, the tiding very slight, about a halT- 
pound for every twelve pounds left in the chest being 
quite sufficient. With inferior grades of smalts the 
liability to lading i^, however, much greater. 

When making delicate, colours the alum should be 
kept out until just before drawing the valve, sb that 
the contact with the colour may bS as limited as 
possible. A very suitable way in which to u^e coch- 
ineal is to dissolve it ift a dilute solution oLamnSonia, 
t9 which a little cream tartar has been added. The 
cochineal paste is sometimes dissolved, with the qreani' 
of tartar, in tl^e water Before the ammonia is added; 
Usedtin this way there ia no danger that the colour 
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spot the underside of the paper, as fs^often^he 
case when the dry* carnation poydei is used. 

Not 'unfreqiiently when makigg toned papers the 
iron used to give tjie shade makes the resulting colour 
%D 0 bright. In suth a case a glass or two of bark 
liquor added to t^e engine or the chests will deaden 
the colour to the desired shade. 

When making green s^’hich colours are usually pro- 
duced by combination or bichromate of potash and 
nftratc of lead with Paris blue — or paste blue, as it is 
often termed — the two first mentioned should always 
put into the engine f nd allowed to become mij^ed 
with the pulp before the blue is added, and alum 
shouTd be kept out until just before drawing the»valve. 
Before adding the nitrate of lead to the engine care 
§hould be taken that there are no tracjps of chlorine 
compounds in the pulp, as thp presegee of such would 
cause the yellow colour produced on the addition of 
thp bichromate to take on a dull orange tint. 

Aniline Colonrs.-^Though the advantages attending 
the use of the coal-tar derivatives or aniline dyes— tc 
give Jbem their ifi6st familiar name — have been knowr 
for man j years, it is only within a comparatively recent 
period that these dyes have befti used f#r colouring 
any but the cheaper grades oftpaper. Thanks, howj 
ever, to the painstakin| and. elaborate investigations 
!Of, the German chemists, applied under* ** up-to-date ” 
commercial conditions, these coal-tar colours have iKen 
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proliucea ^in an almost endless series of shades, many - 
'^of which can coifipa^e favourably with the older forms 
of colouring* matter -as to stability, ' while for depth 
and variety of^ shade they far surpass them. 

Notwithstandjng that from a chemicaj point of view" 
the varioifs colours are divided into distinctive groups, 
named respectively acid and basic^ their action is not 
complicated to any extent. ^»s a rule, wHcn using 
the comparatively small quantities necessary for tinting 
purposes, it will be found that both the so-called acid 
and basic colours will give reliable and regular results 
wtev fixed with any of the alitm compounds in generirt 
use ; and this fact alone is sufficient to ensure the 
adoption of these aniline dyes in most mills. It is 
^ when using the larger quantities necessary to produce 
the deeper shades that regard has to be given to ^lie 
reaction peculiar ‘to eachp derivative, inasmuch as a 
considejjable advantage, jn point both of economy and 
of regularity, is gained by taking advantage of tljcse 
distinctive properties. Thus, when making a deep 
scarlet, better results are ensured If the pulp be first 
dyed with a basic colour such as paper scarlet, and 
subsequently, after allowing time for complete mixing, 
an acid colour such as cotton scarlet be added. By 
proceeding •thus, tl^e acid colour forms M chemical 
Qombination with tht? fiasic d^e, wkh the result that 
a precipitate is formed ^on the fibres, ensuring a fast 
colour and mtfre complete e:!^haustion, with the atten^ 
danf advantages of ^ mqch clearer b^ckw’aten 
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Of the acid group, cotton scarlet is pc|^haps ithe 
best* known, and being largely us%d fbr the production * 
of deep shades, the question of* complete exhaustion 
and a clear hackwriter is of the first importance, in 
*ievv of the a^'oidance of pollution djfiiculties. Not- 
withstanding tha1» a great many experiments have 
been made in order to determine the conditions most 
suitable for ensuring a^lear backwater when using 
large quantities of cotton scarlet, the fact remains that 
it is practically impossible to do so, even when the 
utmost precautions are taken to ensure the formation 
«f a lake precipitate on^the fibres. It will be ftJWid, 
however, that by obser’ing certain precautions a great 
degree of exhaustion may be obtained ; and TJhe of 
the most important points is to allow sufficient time* 
for complete mixing of the pulp and 4he dye before 
adding the sizing solution, -care btfing taken to adJ 
about twice the usual amouq| of sizing. 

Fresh dyes, it will be found, are much more liable to 
give rise to frothing than if the lids be removed for 
some time. WhenMsing paraffine for froth preventiem, 
care must be taken to avoid an excess, as otherwise 
smafi*specks of tarry matter will appear in the sheet. 

As a#rule the acid colours will be found to have 
more resistance to light than th^ basic cSlours. 

Auramine may .be taken af fj/pical of the bas^: 
group, •and gives excellent results, either used alone 
or in conjunction with^other colours.* When using 
colours belonging to the cosine group, great carelbust 
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be«'taker\ to maintain the temperature of the drying 
j cylinders as uniforn? as possible, 'as otherwise^ a' con- 
siderable variation of shade will result. This variation 
• • 

IS most noticeable when making^ delicate shades on 

the single-cylinder machine. 

Dyeing ,to Shade. — As a general rule, the dyeing, 
of paper pulp is conducted jfR a somewhat* haphazard 
manner, with the result that, while ia the greajer 
number of instances the methods adopted by the 
papermaker work out fairly well, it not infrequently 
hitjfpens that much time is lost and paper spoiled 
through the colours not being right in shade ; espjpially 
should the shade be a new one for that particular 
mill. Given even an elementary knowledge of the 
nature and properties of the dyes to be used, th^re 
is no reason wlfy any 'great degree of uncertainty 
should, exist as to hov^ the colour will work on tliQ 
machine, provided that the dyeing be carried^, out 
systematically and intelligently. There are two methods 
by which the striking” of colours may be carried out 
much more expeditiously, and with (wl^t is even of 
greater importance) more certainty, than is pbssiljle 
under the rule of tlmrab generally adopted.* 

To’carry^ut the first of these methods, tite apparatus, 
necessary consists oY S chemical balance, a graduated 
burette, three or four bejakers, an'd about half a dozen; 
stoppered bottles. For the ^cond method the balance 
is S\ that is absolutely indispensable, though the use ' 
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of a small mortar and pestle facilitates mattej^ a gdeat 
deak Jn carrying ^ut the first anethod, which* is re-^ 
stricted to dyes as distinguished from pigments, a 
weighed quantity each dye of which^ it is intended 
^0 make up a s^ndard solution is dissojved in a known 
volume of water and labelled in the folio win| manner, 
according to the proportions of water and dye used : 
thus, “ lOQ CC, = I would be the label shoufd 

40 grammes ^.be dissolved in one litre of water. In 
forking out this method a certain number of cubic 
centimetres are added to a known weight of pulp- 
say sufficient to weigh grammes when mad 0 «sfito 
paper— and when the requisite dyes are added the 
pulp is diluted, and tried either in the hand •mould 
or along the machine wire, when the percentage of 
each dye can be at once ascertained! In working 
out the second method, the dyes •or pigments are 
weighed off and added to tl^e experimental guantity 
of jjulp in the dry state, a convenient scale being 
‘01 grammes of dye to lo grammes of paper, being 
equal to one pounc^ of dye to i,ooo pounds of papear. 
It is obviou^ that these experimental trials can be 
carried out before the time for furnishing the beaters, 
and so there is no unnecessary delay, in addition to 
securing a much more satisfactory gtart thatf is possible 
when the beaters have to be dydU lip experimentally. 

' Of the two iftethods' the writer always uses the latter, 
sWliich lends itself either tg the use of dydl or pigments, 
when carefully worked is most reliable. 



CHAPTER Vni. 

RESIN SIZE Ai\I) SIZING. 

« 

Of. all the materials used in the manufacture of paper, 
there is none about which tl^ere exists such diversity 
of opinion, both as to its preparation and subsequent 
action^ as that of resin size. 

Dr. WUrster holds that the degree of sizing is pro- 
portional to the amount of free resin deposited on the 
^fibres. Other*' experts, however, claim that the active 
sizing agent consists of the resinate of alumina, formed 
when the resin soap is decomposed by the alum ; while 
it is assertfd by some that it is a mixture of both;:ai«’ch 
constitutes the sizd' coating. 

* In support of the free resin theory, it is clainjed that 
paper can be sized without the use ^ aUim or alumina 
by making use of sulphuric acid to decompose tjje 
resinate of soda an^ liberate the resin. Though the 
majority of paper-makers hold the opinion that the 
vesinate of alumina alone sizqp the 'paper, nearly every 
mill has a different refipe for the preparation of the 
size. 
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While the exact chemical composition of ^esin «s 
still ap matter of some obscurity,, obenfists and paper- 
making experts are generally agreed that* two parts 
of crystal soda are*reqijired to unite wifti four parts 
of^rcsin ; while, good soda ash be usgd in place of 
the crystal form, one part will form a neutral '^Vesinate 
with four of the resin. 

The folloiving recipe give a reliable size of a 
light brown eojpur, which will be as near as possible 
a Jieutral resinate of soda: — Dissolve ninety-eight 
pounds of good soda ash in thirty-six gallons of 
boHing water, and then aid four hundred and twenty 
pounds of powdered resin. 

• The best form of boiler is a jacketed one, aS* by 
using it the increase of water, due to the condensation 
of' tlje steam used to boil with, is avoided. The resin 
should be roughly powdered • by th^ hand, as it is 
asserted that the finely divided resin, prepared by 
usinj^^ grinding mill, is very liable to form clots on 
being put into the hot soda solulion.o So long as any 
of the resin is undissolved, the carbonic acid, evolvedc. 
as it enters into combhiation with the soda, will cause 
the^soltition to frot^ up, and, if not carefully watched, 
so as to iheck the steam in time, it will come right 
over the top* of the boiler. 

To avoid this as much as posJlbfe, the temperature 
should bt kept no higher than is necessary to dissolve 
the resin in a reasonable ^time. In addition to pre- 
venting the frothing, it is said that the carbonic aci8, 
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when not violently expelled, has the power of forming 
a bicarbonate \j^ith, the uncombined soda, which^ tends 
to improve^the sizing properties of the soap. ‘ 

When allc the resin has united with the soda, the 
steam should be shut off, as further heating impa’rs 
the strength of the size. To test ^^hethcr the resin 
ha-.^ all gone into combination, a little of the size should 
' be taken' out and poured into a pailful of tepid w*^^^ 
If it is right it should dissolve at once, and on 
in the hand there will be no deposit of resift. ' If, 
hbwever, the resin has not all gone into solution, the 
on the back of the hvnd will be rendered qinte 
sticky by the adhesion of the uncombined particles. 

I/«a further heating does not serve to combine the 
resin, it may be inferred that, probably owing to a 
variation in the strength of the soda, the amount used 
is insufficient, and mor^ will require to be added *until 
the test shows that there is no more uncombined resin 
present. The soap should be run through a sieve j 
before bbing put^ into the store tanks, that any in- 
soluble impurities may be remoyed. 

Size prepared in this way will not yield fnuch lye 
wheflfeept for a length of time, fo4 ' this reasoiv that it 
does not contain much soda in excess. Th^lye which 
separates^ out contains the colouring njattef of ihef 
resin and any soUihte impurities that may have been 
introduced while boiling, Tnis lye should be carefully 
skimmed oC, and while most paper-makers make no, 
Lrther use of it, it is recommended by others to life 
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used in dissolving the next boiling, as by usin^ it less 
soda .is required, ^hey further assent that the acid 
which constitutes the colouring matter tends to im- 
prove the Talue of the size. 

‘ ' •A size prepa»‘ed ^ith the proportions given above 
, should yield about ninety-six gallons of undiluted soap, 
each gallon containing nearly five-and-a-half pouhds 
of resinate of soda. To .prepare the solution for the' 
„ beating engine, eight gallons of this strong size should 
bd diluted with eighty gallons of water, which will be 
equal to half-a-pound of resinate of soda per gallon 
asjurnished to the engine: After having been broiight 
to boiling point, the size thus diluted should be strained 
^throu^ flannel, laid over a fine sieve, before being 
run to the beater store tank. 

By using soda-ash and resin, in the nroportion of 
one part of soda to eight parts of re jin, a white size 
containing a considerable amount of free resin will be 
^produced. A suitable way of making this white size 
IS to boil forty pounds of soda-ash with two hundred 
and seventy pounds of resin in about sixty gallons of^ 
water, aiid when all the resin has been dissolved to 
add fift 3 ^ pounds of finely powdered resin. When such 
a sfze is cjjluted for the engine, it should be of a bright 
white colour^ owing to the amou6t of finely divided 
free resin which it contains. 

" When, in contact with Bie pulp, this resin becomes 
attached to the fibres in a purely mechanfoal way, and 
' this, together with the tendency of unprecipitated re^ 
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to fornx resin spots in the paper, would lead one to " 
conclude that, 'whatever the advocates of fr^'e* resin 
sizing may thhik of it, the maker of fine grades will 
best forward* his own interests seeking to perfect 
the preparatign of a neutral resinate^ of soda. Apart 
altogether from the composition of the sizing solution 
used, whether the paper be well sized or the reverse 
depends, to a great extent, /on the mode of treatment 
in the beater. 

When the engines are hcavMy loaded with as much 
stuff as possible, the ultimate fibres do not come under 
th6' cutting action of the kiSfves, owing to the body of 
stuff between the roll and the plate, and thus, though 
weir hammered out, the original form and elasticit}i» 
of the fibres are preserved. Stuff prepared in such 
a manner will size well for two reasons, which, will 
be readily understood. ' 

Wljen such stuff is , carried down the machine wire 
it retains its water very obstinately, and thus sii^ 
coating is well felted among the fibres before the water 
ris drawn out by the pumps. The loss of size with 
the backwater is therefore very small. The strength 
and flexibility of the fibres enable them to fell closely 
when coated with ^the resinate of alumina,t and thus 
a strong, Veil sized paper is ‘produced, with the usual 
amount of alum atfd %izc. 

€ 

With light engines^ the body of stuff betWeen the ^ 
roll and th*e plate is mych thinner, and thus the 
cutting action is more drastic. The result is that, 
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in addition to being reduced in length, the tibres tye 
burst open, and thus.lose much of ^heir felting power, 
at the same time being rendere<j very free. Free 
stuff parts ^Ith the, water very easily, ai9d thus much 
the sizing is lost on the machine, while the 
weakness, consequent on the treatment of t<he fibres 
in the engine, is also a great drawback to making a 
firm, strong-sized sheet. , 

To get the best results in sizing stuff prepared in 
light engines, the roll must be very carefully put 
down, or the very life will be knocked out of the 
libres, and the stuff wili froth and ^^bell” on^the 
wire, in addition to being poorly sized. 

^ UntiT within the last few years potash alumiowas 
almost exclusively used in the sizing of superior 
papers, owing to the difficulty in obtaining sulphate 
of alumina from which free acid and iren impurities 
had been completely separated. 

Crystal alum consists of a double sulphate of 
alumina and potassium, united together with 24 parts 
of water, as the following formula will show ; — 

o 

, Abj;.SO,) 3 K,SO^-!- 24 lTp. 

It contaii^ only about 10*5 per cent, of sulphate of 
alumina, and is thus much more* expensive than the 
sulphates of alumina. _ _ 

Sulphate of alumina is not a chemical compound 
of a definite composition, as the alffmina varies 
between 2 and 3 per cent., though that purchasJtd 
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fr»m reliable makers generally contains 15 or 16 
per cent. 

Owing to the improved methods of manufacture now 
adopted, the aluminium sulphates Lan be prepared in 
such a way asx)nly to contain the slightest trace of free 
acid and^ iron ; indeed, in some of 'the best grades no 
trace can be found. Notwithstanding this, the crystal 
form is generally employed f«r the very best qualities. 

Sulphate of alumina is much more soluble than 
crystal alum, which requires l8 parts of water 
as against 2 parts required to dissolve I part of 
the* alumina. * 

The amount of alum (or alumina) required to 
decompose the resin soap will depend on the^^ount* 
of resinate of soda to be acted on. A sifewhich 
contains a large percentage of free r^in, already^ 
precipitated by the degtee of dilution to which it' 
has befn reduced, will require less than one in which 
the percentage of sodium resinate is greater. 

To ascertain tk*e exact amount necessary to de- 
«)mpose the size, about 50 c.c. Should be placed in - 
a glass flasks and the number of^ c.c, of alum 
necessary to convert all the resinate of soda ipto 
resinate of alumina run in from a graduated burette. 

In this T^ay the correct proportions for t’he solutions 
(employed in each ][)aVticular^mill can be arrived at. 
Most paper-makers ad(^ to the pulp a larger prbportipn 
of alum thanks required to fprm the size coating. 

^fhis excess has the effect of hardening the pap^^ 
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and giving to it a better rattle, and also acits ai^ a 
mordiii/,, in helping to fix the colojir.* 

If the water used in the mill contains magnesium 
or lime salts, or, in other words, is fiard, a much 
larger quantity of alum will have to be employed 
to obtain a well-sized paper. 

When size is added to gn engine furnished with 
hard water, it is decomposed as a flaky precipitate> 
owing to the action of the sulphates of lime and 
magnesia in forming resinate of lime and resinate of 
magnesia when brought into contact with the resinate 
oPsoda. If, however, sufficient alum be addeil to 
preciphate the lime and magnesium salts, before the 
•addition of the size, this decomposition can be* pre- 
vented, and the resinate of alumina formed as usual, 
TJie best plan is to add the size after the alum used 
to neutralise the lime and magnesium salts has been 
thoroughly mixed, and then 40 run in the amount 
to combine with the resin. It is said that, 
in this way, the precipitate formed by the' action of the 
alum on, the salts, wlfich are the cause of the hardnesDn 
, of the water, is not so liable to be decomposed by the 
exgess of alum used, as the presence of the size pre- 
vents it from remaining in contact with the pulp in 
the free state, owing to the ease with Vhich the 
‘-tesinate of alumina is formed. 

The exact amount necessary 40 precipitate the salts 
. contained in the water c?n easily be determined by 
treating a small quantity of it with a solution of tfie 
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alum used. The number of c.c. required to give a / 
precipitate can,bc^^een from tl?e markings qn the 
burette, and thus the amount required for the gallons 
contained in «the engine is simply a matfer of pro- 
portion. * ^ 

Though the*^ water supply, und^r ordinary circum- 
star.ccs, may be sufficienjly free from impurities, a 
'Sudden fl6od may change the cliannel and lay bare 
lime and magnesium compounds which, wIumi carried 
into solution, will have a deleterious efi'ect on the 
sizing. When the water contains carbonic acid the 
danger of this is much irtV-reased, as the acid dis- 
solves the lime as a carbonate, identical with the 
carbpnate of lime formed by the action of the carbonic ^ 
acid of the air in the lime left on the fibres by the 
bleaching solution. 

The extent tOeWhich ^le decomposition of the alum 
may be carried, owing to the presence of these salts, 
either fn the water or in the pulp, will be easily seen 
from a glaiice at the following equation : — 

y\l^ + Kj 4 SO^ + 24 + 2 (.SjCO,, 

54 + 7S + 12S + + 80 + 24 + 96- 

948 * + «200^ 

2 CaSO^ + AljO, + KjSO^ + 2 CO.^ + SO3 + 24 IT,0, 

It will . thr.s be seen that should the water in the 
Engine contain i Ibi of carbonate of lime in solution, 
almost 5 lbs. of potash alum Vill be decomposed, and 
thus r^dered ineffective for sizing purposes. 

<r\ consideration of the above facts will show that, 
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in order to size paper eflcctivcly and ecopomic^lly, 
the rt’;reatest vigilance must be exercised to s'ee that 
the solutions used are kept as npar as possible to the 
proportions which practical experiments, in each mill, 
liave shown to be* necessary. 

The contact with the heated cylinders on the 
machine, and the degree heat to which the [)aper 
is subjected, have a great deal to do with rendering tlie 
size coating eftectivc. This is probably due to the 
resinate of alumina, which has been precipitated on 
the fibres in the engine, becoming fused, and spread 
(Kit, over, and into the i.^terstices of the paper iHk.such 
a way as to greatly increase the water-resisting power. 

Tliat the sizing of paper, dried by the contact with 
the machine cylinders, is much better than a similar i 
paper dried by hot air, may be tested by taking a 
piece from the web after k has passed the second 
press rolls, but before comiiig into contact with the 
heated cylinders, and drying it in a hot atmosphere. 
A piece should be taken from near the same place in 
the web, but after* having been thoroughly dried 
passing over the cylinders, and when the first sample 
is poufectly dry, tlie relative water-resisting power can 
easily bf determined. 

Wetting* with the tongue will* show that the paper 
dried by hot air, without any«c(Jntact with a heatejl 
body, is ver} poorly sized compared with the piece 
which passed over the cylinders. An Accurate idea of 
the relative sizing can be obtained by placing a d^op 
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of a» dilute alcoholic solution, coloured with a little 
^carnation in order •'co render the efftfct more notiiyu'ble, 
on each of the samplee, and observing the time which 
it takes to penetrate to the other sid§ ^n each case. 

The initial cos^ of the hides and piths jjsed in animal 
size-making, as well as the expense ki preparation and 
application, ^has led to inveetigations with a view to 
finding a substitute which, while being less expensive 
to begin with, can be applied with satisfi'ctory results 
to the pulp in the beating engine, thus doing away 
with the necessity for the expensive drying plant. The 
subst^fiice which has as yet shown the best results as 
a substitute for animal size is milk caseine. ^ 

Casfeine is the name given to that portion of milk 
•which contains albumen. This albumen is analogous 
to that obtains! from eggs and blood, and wnen ma 
paper is coated with it it becomes capable of resisting 
the penetrating action of #vater just as a gelatine-sized 
paper does.^ When dry, milk caseine takes the ibrr^, 
of a slightly yellow powder, which dissolves somewhat 
S]Kiringly in water. 

I'he caseine for sizing is general^^ dissolved in a 
very dilute solution ol ammonia, and in this state' may 
be added to -the pulp ^in the engine. When flsied in 
thjs way,’hoVever, there is a considerable loss owing 
ta the finest of the *al6umina^s precipitated by the 
- valum passing away with ttie back-water on the machine. 

Dr. Muth, a strong advocate of caseine sizing, pre- 
par^ the ammonium albumen, as the caseine is 
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generally termed, with a solution of ordinary rfsin 

sizet^^jrior to adding it to the pi’]p;*and in this way 

he claims that the finest albuminates are fixed by the 

size, and thus prevented from being carried away with 

Bie machine back-water. 

) 

For fine papers,. Dr. Muth recommends fhe use of 
4 to 5 parts of caseine t% parts of resin, and 3J 
parts of sulphate of alumina to precipitate. These 
proportions can be changed according to the quality 
of the papers to be sized. 

Among the advantages claimed for *milk sizing may 
bt mentioned the greatei elasticity of the fibres ^hen 
compared with resin-sized papers—an increased yield 
owin^ to the precipitated albuminates being retained 
iamong the fibres. It is also claimed that, owing to the 
fatty »i’.bstances present in the cascii%, frothing on 
the machine is much reduced, and a larger percentage 
of loading carried with less gijury to the tear, owing 
Jj^the^union of the caseine with the loading materials. 
This union is said to entirely preivent dusting when 
cutting and printing. 

Caseine ma^ also be used for surface sizing, and 
when 5 dried at a temperature of 266® Fahr. is said to 
become jquite insoluble. When adding to the engine 
it should he allowed to become thoroughly Inixed with 
the pulp before the alum, wBidh must always b^ 
present* in exC’ess, is run into it 

Though it can be readily understooa ihat the gela- 
l|finous precipitate formed on the fibres will resist The 
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action ol water much better than the resinate of 
alumin'a rcsulting^from the resin size, it is difficult to 
understand How the coating thus formed will possess 
the same resisting power as that froi^i the thiTk, strong 
gelatine which composes good animal size. In mill# 
possessing no facilities for surface sizing, it might be 
used ‘with advantage for thg sizing of a better class of 
jihpers than* the usual engine-sized qualities. 



CIIAPfER IX. 

THE FOHRDRINIER MACHINE AND ITS 
MANAGEMENT. 

most mills consider !ble difficulty is experienced, 
in preventing the emptying of the beaters from dis- 
turbing the weight on the machine. As the b.eaters 
are usually filled to the lip, there is no room to allow 
of tb^water being sufficiently mixed ^with the pulp 
bcTore drawing the valve; the«' result is that tht; 

thick stuff reaches the chests, and, in spite of the 
motion of the agitator, sinks to the bottom* and is 
Wawn into the pipe supplying the s^tuff coclf-box before 
the water can be gejt down, 

Wlien making a large, heavy sheet, a difference of 
5 or ^ lbs. ill* the ream may be caused by this thick 
sfuff bejjpre the water can equalise it. Several devices 
have l?een .tried in order to do away with ttiis as much 
as possible. One of these consists in placing a metfi 
float in a sn»all box tfirough which the stuff is led 
after it leaves the stuff-cock. 

The float is connected with a water-cock in such a 
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way that wlien it i*ises, owing to the thickening of the 
stufr, ^he water js tun.ed on, and continues ^,run 
‘ until the pulp has been reduced by it to the usual 
thickness, whan the float sinks down, and lloses the 
cock. 

In somj nulls* a small chest capable df holding about 
100 lbs. of pulp, and fitted with an agitator, is used as 
a stufT-cock box, but with no great advantage ; and 
when working out, the difference in pressure as the 
level of the stuff becomes lowered causes light weigfit, 
in spite of the attention of the machine-man in gra- 
dually putting up the stuff-C(|:k. 

The best plan, though not always the most con- 
vcniepl, is to place a chest, capable of holdijfg the 
^ contents of the beater when diluted with water to the 
usual consistency, in such ^ position that it can etjipty 
mto either of the ijiachine^chests. When the pulp and 
water have been thoroughly mixed, it can thus be 
allowed* to flow into whichever chest it is desired to 
fill, and being always of the same thickness, the weigli!* 
is not disturbed. , 

When no such plan is adopted, the chests Should 
be connected by a pipe fitted with? a "^alve, sg that 
either can be shut off when working out or c|jangin|, 
and the en^nes should be emptied into th^ chdbt, the 
c^ck of which is shgt,«and which communicates with 
tile one out of which the pumf» is drawing the^supply 
' of stuff for thii machin6 by means of the connection 
pipi» In this way the thick Stuff has time to become 
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more diluted before it finds its way through^ the con- 

nec^g pipe to the chest supplying^ the machifte.”* 

If the chests are of iron, tfie insid*? should be® 

covered v«th a ,co^ating of cement or some other non- 

corrosive substance. Chests coated in this way will 

keep "clean loijger, and when dirty "be mj^ch easier 

washed, than if they were not coated. If the agitators . 

revolve too slowly, a great deal of trouble will arise 

•from bad "weight, especially when making thick papers, 

carrying a large percentage of loading. 

Agitators that revolve too quickly are, however, \ery 

^^t to churn grass stuff *nto soft knots, which are with 

difficulty broken up by the strainer. A good speed 

for aground work is six or seven revolutions, in the 

minute. When the stock used consists of rags, the 

spejti^may be quickened to eight or nine revolutions 

without doing any injury. 

It is most essential that the stuff pump be capable 

of pumping sufficient stuff ?o give a good Overflow 

tWien*the machine is working at its full breadth and 

0 

speed, as a poor sjfuff pump is a great hindrance to 
the ‘tlR’ning out of a good weight. To ensure that an 
ordinary pum^^' will work easily, without any undue 
sfrainini^ or jarring, the pipe from the chests should 
not he les§ than four inches in diameter.^ 

A new form of stuff pump,yWjiich has lately beea 
introdtfcced, wprks withof<it the rubbers, which are sucfi 
a nuisance in the older forms. ® The bottom ball works 
into the pipe, while the fop one works into a cavib^ in 
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the^barrfl, and against an iron saucer fitted to the top 
of the’' cover, 'fhe Jialls may be of metal ; but>f so, 
they are apt to check the stuff and cause white chips 
to appear wh^n making blue papers,* so tlrnt- rubber 
ones give most satisfaction. 

When ithe felts used to cover ^the sand-trap are 
naildd down, they should Ijc carried up the sides also, 
so that no* stuff may get in below, otherwise the stuff 

and dirt which will accumulate underneath will come 

• • 

away at times and cause much broke. If they are 
simply held down by leads, which is the better plan, 
a spa»*e set should always bS- kept, so that they may 
be washed thoroughly and be ready to put down when 
the trap is washed out. 

It seems to be a fixed idea with the majority of 
paper-makers (hat, in order to get clean paper-r’kh a 
fevolving strainen it muyt be worked with the plates 
covered. It is very doubtful, however, if much or even 
any advantage is gained by this method of worki ng, 
as the strain on thjf bellows is much harder, and, the 
Junction being stronger, the dirt i» more liable to be 
drawn through the slits than w^ould be the case if the 
strainer were drawing a little air 'aniT thus working 
more easily. 

It is oft«n remarked, in recommending this or that 
special style of stra^nir, that it can take through a 
larger amount of stuff in the hour than an/ other. 
Those who tatk in this way seem to forget that the 
first requirement in a strainer is to keep back dirt. 
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and not merely to force through a large amcAinj: /)f 
stuff. strainer which takes threugii a more than 
usually Ini ge amount of stuff in an Jiour will be almost 
certain to 3 raw (ihrough a more than proportionally 
lar|;e amount of dii^t, especially if the increased powder 
be due to extra suction. 

It cannot escape notice tha^ when the flat straineVs, 
which work by suction, fill up and get no air, a much 
larger amount of dirt will come through than when 
they arc drawing air. The better plan would seem to 
be to work two strainers at an easy suction, rather 
theiR force dirt and stuff through one by shutting 
out the air and taxing the bellows to the utter- 
ijiost ^ 

For straining fine stuff the plates should be of as 
n arrows cut as will take through the stuff without 
undue strain. The better qualities of WTiting papers 
are, as a rule, made from very f ne stuff, and, conse- 
quently, jvill work easily through 2*J or 3 cut plates, 
but for banks and loans cut 4 or -'.J is necessary, 
while the long stuff •prepared for cartridge papers 

cJ 

should be strained through cut 5 or 5^. 

It is p /mistake to work fine cut platts for long stuff, 
as tfie. rub 4 )ing necessary carries more dirt and knots 
into the sheelfthan would get through if widtr plates 
were used. Whatever may^be the*w1dth df the plates, 
the greatest care should always be paid to having them 
fit properly down on the frame. If tbe plates fit badly, 
dirt and knots will f^et through in spite of all the card* 

7 . N 
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givf^iiHo the choice of the width of the cut, and’ the* 
same applies to Ig^dly-fitting bolts. 

It often happens, that when the original bolts become 
used up or lost the new ones *sifpplie(f arc a little • 
longer, and do not fit up to the .head; or they Jhay 
be a L'ttle smaller, through the wholes having become 
worn and apt to become^p slack with the working of the 
bellows, especially if the plates be wo|:ked covered. 
If the bolts arc too long the he^d will exert no 
pressure on the plate to keep it down on the frame, 
and, consequently, the stuff which works down the 
thread of the bolt will fine? its way under the plate and 
into the paper unstrained, and in all likelihood it will 
hsf^e become rolled into a small, hard kSbt in i|8 
passage down the thread. The same thing will occur 
if any of the bolts work slack, or if the pla«:.r^D not 
fit close up to fhe frame. 

TJie knots which ^re caused by these defects are 
easily recognisable, as they are hard and rounciedj^andi !^ 
unlike the knotsr which are in the stuff, they are rai^cj^ 
up on the surface of the sheet.* When the gaeking of 
the strainer ends has become worn, the knots made: 
by the working of the stuff between the vsrt and the 
journal of the strainer are not so rounc^ but more, 
feather;^ shaped. • 7 

It sometimes Hkijt)ens that long grass stuff becomes; 

. churned into soft ^knots in the chests, knd the^v^ 
especially if the plates are worn wide, are very Kab^.* 

pass through the slits unbroken and appear ift 
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sheet. If such stufT, instead of being run .straight 
^ from the stuff cock into the sand traj^ is led into the 
box which receives the water from the save-all, and 
drawn with*the water through the pumps, a very large 
proportion of the kifots will be broken up by contact 
with the sides of the pumps and pressure in passing 
the rubbers. 

If this arrangement is not a suitable on^, another 
plan is to blow a jet of steam against the stuff in its 
passage to the strainer. This should never be done 
if it can possibly be dispensed with, as the steam heats 
the stuff and renders it rery free, and, in addifr'on, 
takes much of the firmness and rattle from the finished 
paper, ♦ 

If as much as possible of the backwater be run off, 
and, spring water used to make up what is needed, 
the weakening action will be. much .^essened, as the 
cold water will counteract the heating which is the 
^cause of the softening. Even when the amount of 
steam used is small, the backwater soon becomes 
iieated by coming inU) contact with it so often. 

Though the small strainer often used as a breast-box 
does catch strings and blotches, yet if it runs more 
thaii twel\^ hours without cleaning, the blotches which 
will break aiway from it will cause a co^iderable 
amount of broke. 

This is especially the case when calenders are at- 
tached to the machine, as the blotches adhere to the 
rdlls, and, in addition to the broke thus made, m 
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gnoaj dtal of extra labour is entailed in keeping them 
clean. A box^sipall enough to secure a sufficient 
agitation by the rush of the stuff, and at the same 
time give a steady head of stuff belwnd tfie slice, will 
be found mo^t suitable and will t^ke up less spifce. 
For a nlhchine on which there is ,niuch changing, and, 
indeed, for any machine, tjolloway's patent deckles and 
knees are the best. 

With the older forms, even though the change may 
be merely an inch or two, the tacks have to be taken 
out and the apron rolled up when putting in the deckles, 
vice versa when drawfeg out. On thick papers 
a great deal of trouble is often caused by the small 
knots or rolls of stuff which arc formed \?hen th^ 
apron refuses to lie properly. These rolls are often 
carried in bytthe action of the shake, and witli-shfficulty 
removed with tlie cutting. 

Thpe older forms Jiave this advantage, that when 
making blues there is no white streak on the edge, ' 
such as is caused when the stuff works under the 
leather of the patent knees. When the arnount of 
broke made when changing from a narrow to a broad 
deckle, or vice versCi^ is taken into account, "the gain 
in cutting on blue papers seems somewCiat insig- 
nificant. ** 

Should the^aproh have be^n rolled up for any length 
of time it of[en refuses to lie flat ; a Hand-bowl or two 
of hot water will soften it, pd make it lie quite evenly 
on to the wire, A thick strip of felt soaked in water 
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should always be laid along the edge when it has to 
stand d''y for any length of time. The movable knees 
should be kept up an inch or so,, that the apron may 
lie close into the ieckle strap, and so make a good 
ed^e. 

By pressing down the knee against the strup it can 
be pushed out a little, andjthus a little more cutting 
room may be gained. To make a good edge with 
the patent knees, the rubber pads must be fitted so 
as to come close up to the leather, and lie down on 
the apron in such a way as to prevent any stuff leak- 
ing out. 

The apron should extend just as far under the 
Reekie pulley as is possible without coming in contact 
with the strap, should it have to be lowered a little 
witlx^tlij deckle frame through the leather having be- 
come worn. The leather should fit easily, so that it 
may rise and fall with the nation of the tube-roll, 
and yet keep close enough down to prevent stuff 
getting under it, while not pressing sd hard as to 
cause knots. • 

In order to keep them working in this smooth 
way th^y shoulJ be taken out, and slides cleaned 
and rubbed with a little oil whenever the knees are 
off. Care nfbst, however, be taken that all tile surplus 
oil is washed off, otherwise it rJa^ get •on the strap, 
and cause it tu grip the pulleys hard, ’through pre- 
venting it from carrying' enough water to make it 
slide over them easily* 
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*Ievel of stuff behind the slice must not be 
too high, or it *«viU lap over the strap, and, working 
between the leather and strap, cause small knots to 
pass down on the edge. While'- the apron should 
lie slightly up to the wire, it must. not be rai^sed too 
much, 01 the depth of stuff as it leaves the breast-box 
; will be apt to cause currents that wull spoil the spread. 
Neglect of this, trivial as it appears, is often the 
reason why on some machines the spread givc^ so 
much more trouble than on others. The movable 
slice, by which the spread is regulated, must be 
wo/xed to suit the different natures of the sfUft. 
When the stuff is fine and carrying the water well, 
the ‘ slice should be kept well down, and ’ this is . 
especially necessary when making wove papers. To 
make a nice close wove sheet, the stuff 'ntTisj ' be 
prepared very fine and not soft. No more water, 
should be worked thanris necessary to close the sheet, 
and just sufficient shake to felt it evenly, while cthe 
first pump should be well closed. 

The effect of such working is^ especially notjceable 
on blue and yellow woves, as keeping the pump 
shut as much as possible, and working th*e w^ater 
smoothly up with a gentle shake, has the* effect of 
closing a' blue sheet very nicely without*' drawing the 
colour from {he uncterside;^ while the yellow has a 
dear close [bok, without the crushed appearance si; 
often seen when much water is worked. 

-For such papers in the ordinary weights the spe^ 
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should not exceed 70 to 75 a minute. . When 
makirjf laid more water will have to^ be put on, the 
slices raised a turn or so, the shake put up, and the 
pump opened. Jf the slice is not raiseo when much 
m^e water is put ftn, the depth of stuff behind it 
causes s/ch a rush that the stuff is carried a good 
way towards the pump before it comes under •the 
influence of the shake, and as the shakd is most 
powerful just at the slices, it can less afford to be 
lost. If the laid dandy begins to “ lift,” there is too 
much water in front of it, and to cure it the pump 
imist be opened, and mc e water and shake pu^on, 
if necessary, to close the sheet. 

, Bringhig up the water by means of the shake, and 
opening the pump a little, will generally have the 
..effect of curing it. When the stuff is fee it rushes 
out from beneath the slices v^ry viclently, and does 
not settle down quickly. Before settling down, such 
stuff, rolls over on itself, just like a wave, after it 
has passed the slices, and the mpre free it becomes 
the farther will it travel before turning over and 
settling down. 

ca»*eful look^ at very free stuff on the wire will 
show thsit, even when close to the pump, the finest 
of the fibres are still in a state of agitq^ion. In 
addition to causing a rush, thef slices twhen worked' 
crvery low down catch the* ultimate fibres, and, turning 
i^them on end, cause the sheet to have a broken un- 
^ited appearance. This is more noticeable when 
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wolfing long stuff, and is the cause of the waVy, 
streaked appear, ^nce of thick coloured sheets. The 
thicker the sheet, the more shake is required to felt 
it, and when making thick cartridge dr envelope 
papers, for which the stuff has-been kept long, tne 
slices will also have to be raised, so thaL enough 
wafer may be worked to^ assist in closing the long 
fibres. ^ 

When long stuff is free, it will not stand much 
shaking, as the edges are apt to be thinned, owing 
to the ease with which the stuff is lashed back by 
coming in contact with the c :ckle straps. To remedy 
this the shake should be put back, more water put 
on, -ind the slices raised. 

It is sometimes necessary, owing to the bad con- 
struction of |he breast-box or apron-board, to stick 
*pieces of paper* on th^ slices, so as to check the 
rush at some places, before an equal spread can be 
obtained. This has the same effect on the portion 
of the sheet' whjch comes under it as having the 
slices too low, 

It often happens, that after working out or being 
shut down for some time, the stufr, Ifom being milled 
so long, will be^ too soft. Such stuff is the most 
difficult ofrall to work, as it lies so dead on the wire 
*that it requines waiter and an energetic shake to 
spread it, while it parts with* the water# so badly that 
it is seldom enough can be pul on to make a good 
sheet. 
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'When stuff is both fine and soft, the paper^will 
have^ a crushed appearance, espcc^lly if worlting 
a wove dandy, and will be very likely to stick to 
the press-roll. Jo, such a case tlie sh<ike should be 
pfit back as much possible, consistent with closing 
the sliett, the first pump opened under 'he same 
restrictions, and the air-cock on the second pumj^box 
shut, so as to suck the paper as dry as plissible. 

The guard-board should be put down, so as to 
prevent the passage of any water, and the weights 
on the couch-roll increased. This has the effect of 
drying the paper still -iirthcr, and making it* less 
likely to adhere to the press-roll. The press-roll 
, should ^e put down as lightly as possible, and the 
wet felt tightened up so as to open the warp, and 
allow tlie water to be pressed out morg readily^' 

Pouring a little turpentine pn the coucher or press- 
roll has the effect of taking^ away such greasiness 
for a minute or two, and enabling the web* to be 
taken off the press-roll without any^ difficuhy. When 
once down, and under the tension of the draw to^ 
the second press, or cylinder, the liability to stick 
again is not so^gr^at, so that by the use of a little 
of this grease-destroying agent much broke may be 
saved. 

Considerable difference of 8pfnion« exists among^ 
paper-makers as to which is the most suitable length 
for the machine wire. Tiie writer has had experience 
in making paper with 32 feet, 38 feet, 40 feet, af.d 
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45 .wires, and, from a careful study of the Ufe- 
haviour of the different kinds of stuff on each, is 
of the opinion that^ for making 4 he best qualities, 
where look is of the first importance, <(the best results 
will be obtained from a 38 io 4^ feet wire. 

To get a passable sheet on a 45' or 50 Tt. wire 
the Stuff must be very free, otherwise it will be so 
inert before it reaches the dandy that the papers will 
have a dull, crushed look, especially when making 
woves. When the stuff is free enough to counterac^ 
this deadness, the number of tube-rolls in contact 
with rfhe wire take away so much of the water that 
it is often difficult to obtain a clear impression with the 
, dandyy though more water be put on. 

The water, leaving the paper thus, can be much 
reduced in quantity if a number of the tube^iofis are 
lowered out of contact. , In this way the advantage 
of a longer time under^the influence of the shake is 
gained,'* while the amount of water leaving the stuff 
can be regulated Ijy putting up or letting down the 
'jtube-rolls. It should also be borne in mind that 
the greater the amount of backwater, the less likely 
is the paper to be sized and loaded up to the ■ expec- 
tations formed, from the amount of these materials 
added in the engine. 

The speed at whrtcR the machine is to be driven, 

. ^d the nature of the stock to be /worked, must 
always be taken into consideration in regard to the 
length of wire to be put in. For the proper workinjg 
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‘ of soft greasy stuff at a quick speed, a 50 ft. wire^wiH • 
be an advantage, in giving more tirie fo get the water 
taken cut; while for fine stuff, not too soft, worked 
at a moderate s;’cefl, a wire 40 ft. in length will be 
belt suited. Thg ?peed must also determine the 
amount of pitch to be given to the wire. 

A 40 ft. wire, travelling uj) to ICX) ft. a minute,'*will 
require a pitch of about J of an inch from "the breast * 
roll to the first guide-roll, while if driven at a speed 
of 200 ft. a minute a inch pitch will be necessary. 
It is the custom with some engineers to put in very 
heavy breast-rolls, thou^n for what purpose if. is 
difficult to see. 

, In ad^dtion to the inconvenience of handling a heavy 
breast-roll, when putting on a wire, the strain on the 
wire tc keep it turning is very great, and^tends tU wear 
it out much sooner. A light; roll \wuld answer the 
purpose equally well, and offe^ much less resistance 
to the ^ wire when running, as well as being^much 
easier to shake. 

The manner in wiiich the shake is given and the 
length of the stroke have a great deal to do with the 
; spread and look* oiT the sheet. If the stroke is too 
long the> stuff will be washed back from the deckle 
strap, thinning the edges, and causing a w^ite mark, 
similar to that caused by a rMge, to, appear about* 
inches from the edge on each side. • 

Should the brasses which support the shake bars 
t^ecoiiic worn, or the pins which connect the bars wifh 



I6S‘ PRACTICAL PAPKR-MAKI Wl 

\ 

the^rame be too thin, the double shake, caused by‘^he 
play of the brasjpes or pins, will counteract the oJginal 
shake, and, insteacf of the smooth push and pull, a 
jerky disconnected motion, which v^iU be sure to thin 
the edges, will be given. 

The c id of the save-all should not come quite up 
to the breast-roll, but should be so placed as to ensure 
that no stuff may become jammed betweeiji it and the 
roll. When too close, any stuff which jnay i)ass round 
the roll will, instead of passing on to the fclt-covercd 
guard-stick and being washed away by the water, lie 
agai«st it and the roll until it becomes hard, when it 

I 

i^ill act as a serious drag on it when turning. A 
strong flow of water should always be 1<ept on» 
the guard-stick, which, w’hile being close enough to 
catclT" the sti^ff, should not press too hard on^ the 
roll. 

Machines wlncM worl^ strong greasy stuff are some- 
times fitted with three pump boxes, so tjiat no 
difficulty may*be ^perienced in taking out the water. 
The majority, however, have only two, and when the 
stuff is greasy a great deal of trouble and broke is 
often caused by the water flooding over the boxes and 
“ worming ” in frqpt of the coucher. 

^ This is#nore liable to happen when the bars on the 
^pump-box are faced* v^th majjogany than if vulcanite, 
brass, or glas^«has been used to face them. Mahogany- 
faced boxes, though less hard oh the wire, are very 
to vibrate when drawing hard, and this prevents 
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the’^ir-cock from being shut as much as is needful to 
enable? the pumps to draw the water oi^t, 

A strip of vulcanite inserted between two layers of 
mahogany along ends and sides* of tiie pump box 
(lol^s away with the Vibration to a great extent, but it 
must be Sited very closely, otherwise it will draw air. 

By working a jacket on the under couch-roli^ the 
paper will he less rough on the underside th&n if it is 
worked bare, and it will also bulk better. Being less 
dry, however, the paper is much more apt to stick to 
the press-roll. 

Another objection, and perhaps the most se^iou^5 of 
all, is that the small particles of sand or grit, liable to 
^et intoi'Uhe cover, ridge and score the wire^’^ery 
badly, and if the wire is run bare for any time it 
is very bad for running into a crease.^ It wTll be 
noticed that when a wire, after running some time, 
becomes slack on either of the edges, it is generally 
the backside if the water for the wash-roll **enters 
at the foresidc, and vice versa if it enters’ from the 
back. 

The reason of this is that the small holes in the 
water ^pipe are df t *10 become choked up at the end 
far^iest from the inflow, and the wir^ owing to being 
much more»dry, is strained in its passage^over the 
rolls. Apart from this, a good Strong |hower should 
always be kept on the wasli-roll, in order, that any free 
acid left in the pulp a(|d liable t 8 become* deposited in 
the meshes may be washea out 
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Attention to tliis, and also to thoroughly washing^the 
wfte when shutting down for any length of time, will 
keep the meshes cliar, lessen the strain of the pumps, 
and improve^ tlie appearance of the ^sheet,* in addition 

to prolonging the life of the wiifj. 

^ • 

Wherj, making soft sized papers, thC froth rs* usually 
much niore troublesome than w^ien alum has been 
added to «the pulp. ThisVroth often comes away with 
the stuff from under the slices, and makes “ worms.'* 
To cure this, the slices must either be lowered a little 
OP more water put on, so that the level behind the 
slices may be raised and present the froth escaping* 

Care must be taken not to lower them too much, or 
the^rush of stuff underneath will cause the^carbonic^ 
acid, always more or less liable to be present in the 
’Wa'wrused in the beaters, to escape, and in. doing so 
•to cause bells,/' which, when broken by the dandy, 
leave a mark on the surface of the paper. This 
frothing and belling is always worse when steam is 
used to cleai knots in the pulp, and should any of 
the bleaching solution used in tlje engine remain un- 
decomposed, the heat will have the effect of liberating 
the carbonic acid, 'which is the cause t5f the froth. 

Sometimes, even when the slices are kept cleai^ of 
froth, si^ll bubbles will escape on the. edge and 
•come down tjjc. war® with the deckle strap. These 
^bubbles are ^ften the unsuSpected ca^^se of worming 
at the dandy, especijflly should|,the edge be a little 
tl^ckcned and the pump-bo£ end not full out. « Under 
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thc».e conditions they ate not broken by tbe^ suction 
of th* pump, and passing along the front of the d Jidy 
cause the worms to come away. 

If drawifljg out^the deckle strap If little and also the 
elfd of the pump do^s not cure the trouble, a piece of 
soft pat)tr shouFJ be folded so as to fif in behind the 
slices close to the l*iiee and along it a little, so ^s to 
prevent the bubbles escapAg along the edge of the 
strap. 

the bells which gather on the edge of a laid dandy 
can be kept away by nibbing a little oil on the 
daady just off from the •dge of the paper, or, better 
still, by moistening the cloth used to keep away spots 
^just ov(^ the edge with a little sperm oil, which has 
the same effect. 

The tBouble with froth is so bad in some 
« • 
patent froth-killers arc resorted to ia order to keep ii 

down. These concoctions are very oft'eh adulterated 

with resin, which adulteration is sometimes cai^ied to 

an extent that causes the paper to stiiS^li determinedly 

to the press-roll, and leaves a deposit of resin among 

the stuff which gathers on the doctor. 

Wtien the liiitlllitj' to froth is gfeat, special attention 
slfould be given to the water used in the engine, as 
the carlaonk acid expelled from the lime ^alts con- 
tained in hard water is often of the sources of 
its origin. 

The alum solutlon^hould bemadded wlTen furnishing, 
and if* the water be hsird an additional quantity «of 
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alum will ^require to be put in in order to precipkate 
th^' salts contained in it.' 

The chlorine conlpoiinds must be completely neutra- 
lised by mcaAs of antichlor. 

The following recipe is said tq^ake a very elTicitnt 
froth-kiljer, the use of which will *lead to- 'no bad 
results in causing the paper to stick to the pressr 
roll : — On€-and-a-half gaftons of linseed oil, mixed 
with one gallon of bleach, and a gill and a-half of 
turpentine. * 

•To keep the dandy free from bells w^hen making 
laid^ papers at a quick spe<-d, a gentle puff of st#am 
should be blown through it from a perforated iron 
pipe.*hung down in front of it in such a waf that th(^ 
steam will meet the dandy at a slight angle and be 
■Bithv'ir dear of the stuff. » , 

• For quick drw/ing, tlje stuff must he quickly pre- 
pared in the beater, so that it may not be soft, but 
settle ^own quickly and part with the water easily. 
Though rtie ^engines must not be made too stiff to 
prepare such stuff, there is no rejtson why they should 
be filled thinner than usual. 

Stuff prepared in an engine fiMecT about tke, usual 
consistency, but not heavily, when treated somewliat 
sharply ^ith the* roll at first, and yet n»t so (Tut up 
•as to be rendered fin«, will felt closely and part with 
he water easijy though made* af a quick speed. 

' When, however, th^ engines £g*e filled with a larger 
pgoportion of water than uSual, lightly loaded (with 
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Muff, not clay, or other so-Cailed *Moacling‘' materia^ 
and cut up quickly, the stuff {produced wdl undoubtetl^^ 
be free, and most likely fine, at leasl^the finest of the 
fibres will be»\’ery ^fine, owing to the easeVith which 
thcy«are got at by th(5>roll, with the result that it will 

bell,” fj (5th, and ..^Jck to the press-roll. 

It would seem as if such stuff when once up iJie 
press-roll had not enough cohesiveness to stand drawing 
down, but wlien once down lacks the power to run 
up &o*often as nnght be expected, from the difliculty 
expcjienced in getting it down when it does break* 
as it ^ill be noticed that wiS stuff thus prepared th^re 
are fewer breaks at the press-roll than is sometimes 
the case w'th stuff which leaves the roll much m^re 

I 

easily. 

It sometmies happens when making wjve papers, 
with tfie pump well shut, that ^he drawing power of 
the pump is hampered owing to the cock being so 
much closed, and when this is the case the backlash 
from the pump causes the paper, especiaWy if it be 
thin, to fold over at the ^‘dge in an almost imperceptible 
crease. This crease may give no sign of its presence 
until the l?st set o^ ^I'nders, or calenders, are reached, 
but ii is almost certain to cause a break there. A little 
more v^te/, or shake, and the pump box ogpned a 
little, will make this disappear enfirtly. 

Another very frequent source of cracks ,and breaks 
between the cylinders a|jd calende.^ is having the wire 

too slacks When the wire Ms too slack it is apt to* 

8 
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crease the paper when passing under the coudfi-roJ!,' 
but in such a ^ay that it is scarcely noticeable; unless 
the machine-mai/knows where to look for it. 

This is most liable to happep when making thick 
paper with a narrow deckle ; the first thing the . 
machir}:e-man should do, when he is at a loss to account 
foi breaking on such papers, is to hold, a light iinder 
the web, between the under-coucher and the wet-felt 
roll, so that he may make sure if the preases are there. 
If the wire is causing them, they will seem like a small ^ 
black streak running a little way in from the edge, 
Tichtening up the wire a .'^ew turns, and puttingmiore 
weight on the coucher, will have the effect of curing 
thf.n. 

When the coucher cover becomes worn on the edges 
much troubje and worry are often caused by tkej)aper, 
instead of couching properly, adhering to the jacket, 
and, if not running .up the roll altogether, going far"^ 
enough up to cause the edge to crack and, the web 
to creas'e guing^,under the press-roll. 

This may be greatly helped‘^by easing the w’eights i 
on the coucher and raising the guard-board a little,- 
The guard-board must not be lififeef much, just, enough 
to keep the cover moistened with water, so that the, 
suction^,on tlie paper may be lessened. Slackening! 
the wire dr^w w411®also help it, by allowing the web, 
to go farther down the wire, and thus the risk of 
adhering to the coudher is ^nolo so great. By fixing 
^.small jet of water so tha\ it will . play on <‘the edgli 
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*c? the coucher, which comes in contact with the pap ^4 
just beibre it passes under the guard-l^ard, the edge 
can be kept much cleaner, which ^ also lessens the 
liability of the weii adhere to it. 

Elandy rolls ar'"^usu\lly made half an, inch less in 
circumference and th: pe-quarters of an inch ricre in 
breadth between each name, ^o ensure that the slfeet 
will cut to size after the shrinkage and expansion 
caused when thv' paper is in contact with the hot 
'cylijiders and on the driers. Sometimes dandy rolls 
are wanted to cut above their given size, as when, for 
instance, a sheet 17 x 27 Li. is to be made with fhe 
foolscap roll which cuts 13} x 16^ in. Jn order to 
ISiing the name up to the size it will have to* be 
stretched half an inch. 

Witji long .stuff, which stretches easily, tkis is, under 
ordinary circumstances, a matter*of no great difficulty; 
^ut when fine stuff is being Wicked it is sometimes 
quite impossible to obtain the size without unduly 
^stretching the sheet. The first thiq^j toT>e done in 
prjder to bring up the §ize, in such a case, is to hang 
J^he dandy as much as possible, and so make it revolve 
more slcwiy ; then the cloth should be let down on the 
roll, as mqch as can be risked without; retarding it in 
such a way as*to cause it to streak the paper. 

II The wire should be «lo'vpred so Is toi tighten the 
;^eb between the under-coucher hni the w4-felt. The 
j^second press should be driven a little harder by taking 
a pied of the packing from the driven pulley, or/ 
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it there be none on, by putting a small piece (fa tlie' 
^driver, and thp draw from the second press 'to the 
cylinders tightenecl up in the same manner. 

It is better always to take off^than pu*!: on packing, 
unless the belts are very slack ^nej inclined to slif), as 
in thisfway there is less chance of the packing acciimu- 
lattiig and stretching the belts, besides causing the 
draws to work with an irregular jerky motion, which 
is very likely to crack the web at some time when they 
are tighter than usual. Even when the size is up to 
the measurement, without any undue straining of the 
we6, the distance between names must be mea«ured 
frequently, especially if the nature of the stuff is being 
alt2'red. 

A fine engine will ,draw in the sheet as much as 
one-eighth, ^and sometimes thrcc-sixteent’is,' of an inch, 
while longer stuff wilL-cause it to expand iji the same 
proportion. Not infijequently, when working a broad 
deck*le, the distance between the middl^ names, 
measuring hcroqs the wire, will be found to be less 
than that between those in the side sheets, though 
the usual^three-quarters of an inch has been allowed 
wHefi^ putting the names on the 6andy. 

This is especially liable to occur on a broad machine, 
and is <^ue to the couch-roll and press-foil yielding in 
the middle ?vheif flUt down hard at tl^ edges. The 
middle shqets are thus damper ^je%n^hey come in 
contact with the hot cylinders^ an^ IpTo^enness of 
%e reaction makes them^ shrink mWe^a« the side 
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r-hectss, which arc much drier and less affected 
heat, 'i'he patent anti-dtflection pr^ss-j^olls, with wl/ch 
some of flie most recently built macl^nes are fitted, are 
said to compTctel^^.^vcnt this unequal pre*ssare. 

]5andics for loft-dri?iJ papers should have one-eighth 
more than the iisual three-quarters of an inch allowed 
between the names, owing to the shrinkage wliile 
hanging in *hc drying loft l)andies for graSs papers 
should not licvp more than half to five-eighths of an 
inch allowed, as grass shrinks less than rags. 

When setting a lined dandy it must be place*d 
perfectly parallel, so that t';e lines come exactly on»the 
top of each other when the sheets are folded. To 
f^sure thiil it is parallel it should be measured, Siter 
having been placed in the brackets, either from the 
couchjroll o\ the deckle straps on eacl^ side. * The 
simplest way in which to deteemine \fhethcr a named* 
laid dandy is placed so as to jjave the names equi- 
distant fj;om the edges is to count the number oT bars 
from the centre of each name to the- deitkle edge on 
each side. 

The same holds good when the water-mark consists 
of a name and a Sevice on each sheet. Should the 
name extend over an odd number of spaces, such as 
five or sevrti, while the device occupies #n even 
number, such as four, ^ the spaced btJtwe^n the middle 
bar of the name will require to be taken |s the centre, 
w’hile the centre of the^device wilT consist of the middle 
bar, 
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When setting a named wove danoy, tne watcMnarks- 
oL which are placed as on a laid roll, namely^ across 
inslead of round^thc roll, as is usual with the Wove 
dandy, the' breadth of the names wuli" have to be 
measured, and, from the pointst^thus fixed as cerf^es, 
the breadth outwards to the deckle' edge on' each side 
made to agree. Named wove dandies on which the 
water-mitrks are placed round, instead of across, should 
be measured in the same way. 

When the names are placed so that one side of the 
iheet will be blank, while the water-mark occupies, 
th^ other, a piece of Jie web, the full breadth, 
should be taken off whenever the paper has reached 
thfvreel, and after allowing for pairing iu should be 
marked off with a pencil, according to the size of 
the sheet. „ „ 

When this has been done it should be again divided 
into half or quarter sheets, and then a glance at the 
sheeV held against the light will show if the names ari^ 
right, alid ff not, in what direction they will require 
to be altered. A few years ago Brown's patent laid 
dandy, which possesses several advantages over tfiS' 
ordinary laid roll, was introduced. * 

This dandy may be described as a wove roll rbund 
which JJie laid lines are fixed, while the. bars, instead 
of running round, us is the case with the ordinary, 
form, are pl^iced along its'iei^th. One advantage in 
using this roll is that on 6o-|n. machines large and 
medium post oan be made three times iQ^in. andt 
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17^ m, respectively, instead of twice 2CfJ in. and 22\ ii^,^ 
as is t^fe case with the common laid roll. 

When* large orders of these sizef are made a con- 
siderable inttease^in the output can*thus®bc effected. 
It well known less colour is required to give 
the same shade *00 wove papers than* on l^id, the 
reason being that the*close pressure of the wove d^dy 
brings the finest of the fibre^to the surface; find thus, 
by making tW surface smoother and more compact, 
the colour is muyh better brought out. Owing to the 
wove cover underlying the laid lines on Brownes 
the same even prt j^re is given to the surface, 
wth the result that less colour is necessary, and in 
^dition tlie sheet is much clearer. 

In the making of high-coloured papers, for which 
20 or 3plhs. of expensive colouring matters require to 
be used, this saving is not to be underrated. Though 
a large amount of water is used with it, it will not 
^Mift”; at least the tendency is* so small that ilP may 
be said not to exist, as it is only when there is an 
excessive amount of Mjater before it that it shows any 
signs of lifting. 

Anoth'¥r great advantage is that it does not “ bell 
when driving hard; It has, however, one very serious 
drawbaclc b> rea^bn of which its acftption been 
much restricted. Owing to its weight, as at present 
made, the laid, line^^'^re^very liable t^ leave their 
impression on the unjjer side, ntaking it rough. 

In oiidcr to avoid thiai it must be hung on thi 
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brackets as much as possible, and a large amotint of 
brought^ forward. If, instead of the ordinary 
form of wove rofj, the improved skeleton form were 
used to support "the laid lines, t|?e.roll when finished 
would be much lighter, and t(5us, the danger of* the 
impresv-ion showing on the underside woulJ be much 
lessened. 

'Jo prevent blowing,^' the felt-roll iir.mrdiately in 
front of the press-roll should be raised a few inches 
above the level of the under press-roll. When making 
foil! papers, the resistance of the air between the 
weh and the felt often caiijcs blowing, even whefl the 
draw between the wire and the felt is as tight as it 
can*" be run without cracking the edges. '^In such «a 
case the press-roll mi^st be put Lard down, the wet 
felt tijjhtenefl up, so that the warp may be ’opened out 
and allow the a!ir to escape and the seam kept square. 

When the seam of Jhe felt is off the square the warp 
lies at the same angle as the seam, and thus by closing 
the pores referds^ the escape of the air. A very simple 
and effectual remedy is to run the paper over a small 
tube-roll, placed just in front of the press- roll about 
an inch above the wet-felt. If 'the edges afe uneven 
the frayed stuff adheres to this roll, and Jjas to be 
taken off* frequently, or it will crack anVl stretch the 
edge of the ^eb. • * 

, Another p^an is to run a small felt-covered tube-roll 
on the top of the paper as it ipasses on to the first 
ftU-rollj but when making named papers th$*nam^U 
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to become * stretched unequally owing Jo th^ 
irregu''jiir speed of this roll. By placing a sinall pq^p- 
box, connected with the vacuum punfps, under the wet- 
felt close up*to thq qncler press-roll, \he suction of the 
piiiTips will draw all^ifie air through the felt, and thus 
completely cure blowing. Putting on the felt Kith the 
pile lying the wrong way will also \end to ke«p it 
aw'ay, owing to the pores being kept more <fpen, thus 
allowing the air to escape more readily. 

When running a broad deckle the wet-felt should be 
kept tight, as in this way the edges are opened artd 
allow the w'ater to be natter pressed out, and ^hus 
there is less danger of the web sticking to the press- 
foil. To Square the scam either ^f wet or dry^lts, 
the side that is first must be tightened up. The same 
rule applic-To the wire, and in each case care must 
be taken to check the run, as wi?es and felts wilf 
incline to run from the side which has been tightened up. 

There is great diversity of opinion among m^hine- 
men as to which side a dry-felt will wun* to when 
tightened up. Some 4iold that it will run to the slack 
side; others that it will rim to the tight side. The 
directipii in which'a tiry-felt will run depends on which 
side of the cylinder it has been tightened up. 

To take the instance of a single cylinder ^elt sup- 
ported, say, on fiv^ rolls. ShtuW the top roll be 
tightened up r.t one side the felt will ijpvariably run 
to the other, and ij the seanft was straight before 
tightening it will forge jAiead at the slack side, ^ 
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^ Suppose that the forcside top roll iias oeen t!gii:rened • 
up^^in order to square the seam, which has gcfiie so 
hiiich ahead in froMt as to threaten co run thd felt into 
a crease, and that 'the felt is travelling batfk so quickly 
as to be in danger of turning ova/ and bursting at^he 
backsidg edge^ though the guide-roll has been*changed 
as njucn as possible to bring it forward, raising the 
backside top roll would set it fo’^ward again, but would 
not put away the crease, which is the greatest trouble. 

If, however, the foreside roll, rouncl which the felt 
tiyns as it leaves the cylinder to go up over the top 
roll,^be lowered about a qufc.Ttcr of an inch or meyre if 
need be, the seam will at once begin to come square, 
and Jhc felt will come forward, thus runnifsg to th^ 
tight side. 

Showld the roll round which the felt to come 
<n contact with, the cylinder be lowered, the felt will 
run to the backside, thus proving that a dry-fcit 
will rtn to the tight side when tightened at the side 
at which it Iqjives the cylinder, and to the slack side 
when tightened at\he side at whi^h it comes in contact 
with it. 

The seam should always be sqwaffed up after start- 
ing, and carefull^y watched so that it may not run 
ahead at^either ilde; otherwise the felt will*become 
Hinequally stretched,^ atd give much trouble by moving 
about when itj^ets old and wSrn out. 

^'The rubbers with which most^ press-rolls are noW 
fi^fed are a great boon in suving the felt front being 
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>'ut, sfeould any hafd substance pass between the rollj^^ 
iwhen frhe press is firm down. No oil should evc^e 
poured cfbwn the screw, as it would lend to rot the* 
rubber ; and-^besider, there is no ncW for ^ioing so, as 
the^oil on the bottoi^^ side is quite sufficient to keep 
it working smoothly, &s from time to thne it^ passes 
through the nut whicB works against the rubber when 
the roll is raised for turning rfr putting on a Mjet-felt. 

When couching and pressing lightly it sometimes 
happens that the? pile on the wet-felt becomes clogged 
up with the soft stuff, and the paper adhering to it 
untiyust under the second* press goes up in a crease. 
A narrow piece of wooef—a long foot-rule by pre- 
ference— placed between the paper and the felt^ust 
as it leaves the press-roll, will, by separating the paper 
from the ^prevent the crea*sing caused in this way. 
The foot-rule should be fixed on to i^e frame in such* 
a way as to be clear of the felt, otherwise it will gather 
wet stuff which, passing round ?)n the felt, may*cause 
a break *at the press-roll. 

It is the practice in, some mills to*press very lightly 
with the first press and keep the second press hard 
down, jthe idea beki^ to have as little felt marking on 
the underside as possible, and also taking out the 
wire mark ^th the pressure applied \o the underside, 
to improve the surface. 

With this m^ithod ft* wftking the second press felts 
.have to be frequently changed, mowing to the passage 
A>{ 80 ijmcb water press^ from the paper cloggiqg 
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^them cjuickly. *A dirty second press felt is onet)f .the* 
m^st frequent causes of the unevenness in drying, 
’termed ^‘cockling*” as the paper in contact^ with the 
dirty part of the ftilt is much more, d^mp ithen it comes 
in contact with the cylinders, •and thus is liabft to 
become hi isteVed from the suddenness of thef^rying. 

I^eeping the dry-felts tight has the effect of prevent- 
ing cockling by pressing the paper more uniformly 
against the cylinders. Whether there be any special 
need to have the paper flat or not, tSe drying should 
always be conducted gradually, the heat of the 
cylinders gradually increa^yig as the paper near* the 
dry end. With thin papers, especially those made 
froiu strong linen rags, the press must b^ put hard 
down, and the heat of the cylinders so n‘gulated as 
to le»'c the paper slightly damp wheiv, coines in 
•contact with the last two or three, which should only 
be sufliciently hot to dry without causing any sudden 
contnretion of the web. 

Unless* th^ seam of the second press felt be per- 
fectly square it is very liable to crease; if it should 
do so the side which is last should be lowered down, 
as by doing so the creasing it CounteractecJ more 
quickly than by^ tightening the side which ^has run 
ahead. ^When passing the second press the draw 
•from the first presSitefthe cylinders must be slackened, 
and to do so Rouble the amount of pacldng that would 
be necessary to sladten the s^me strain from the 
Sfcond press to the cylinders will be requirecl, 
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Thftsame rule hdlcls good when passing the’sniooth-v 
ing roHs, and of course double the amount has to 
taken ofT when paperi ftirough again. 

Though, as rule, when changing ffrom thick to thin 
papers the draws will Vquire to be tightened up, very 
little packing will* be necessary should the sp/ed be 
much faster than that*at W'hich the thicker paper was 
made. This is due to the increased momentwm given 
to the pullcys'owing to the quickened speed. 

Wfien making thick paper at a speed of about i 8 ft. 
per minute, the belts will require to be very tight, or 
they^ill slip, owing to the* strain of driving, unaided 
by the momentum which a higher speed will give. It 
^ometimes^happens that when driving at a slow sp^ed 
the wire will run to one side, and refuse to respond 
to the gu’*'*'?.^ Should this tfireaten to damage the 
wire, the speed should be quickened up, as by so 
doing the wire will answer the guide much better. 

If the machine be fitted witli the improved » cone 
driving, quickening the speed is*a very siigiplo matter ; 
but should the difference thus made be insufficient, 
as much as 20 ft. moi-e per minute can be obtained 
by tigjjtening up •the thumb-screw attached to the 
governor of the engine. . 

This incrfifcase of the speed generany haS t|ie effect 
of bringing the wire back, but «hpuld it prove inef- 
fectual the onljj plan feft is to shut dowi^ and, having 
taken off the couch-roy and slackened the wire a littlei 
to dravinit back into its right position. 
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It is assumed 'that everything has^oeen already^dQ^ii/' 
so^ar as altering and tightening the wire at the^feide to 
’which it is running can be made to effect any change 
in its cours&. Wlien making webs^^ such* as those for 
use in the Morse telegraph ma(Sh'ine, difficulty is dften 
experic^iccd In getting them to bi!Ik cqua/Hy. This 

• o 

uncgual bulk may be caused by a want of uniformity 
in the spread on the ^fire, or a difference in the 
pressure of the couch or press-rolls, feadly ground 
calender rolls will also cause inequality both of surface 
and of bulk. 

In this connection it sliould be remembered Jthat, 
when paper is passing through the calender rolls, the 
dri^ it leaves the press-roll the better will it bulli^ 
Should the pressure on the rolls be very light, or 
should^ the paper be finished rough, the^lecs pressure 
•put on the press-roll the bulk will be better. 

Each machine has, owing to differences in fitting up 
or other causes whicli exert an influence on the 
pressure •givfn to the paper, its own peculiarities. 
Sometimes a sdffness on the edge may be filled up 
by hanging or putting down the second press-roll, , 
according as the paper is being gia^d or notjo ,When 
the stuff is free, and thus spreading and filling up the 
edges \^11/ the *webs will be found to# bulk more 
^uniformly. 

Should thj paper begiif to 'breakb between the.^ 
‘ calender rolls from aity unaccountable cause, the first ; 
thing the machine-nam ought to do, after «having|i 
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'fiaj^sfitd himself that it is not too dry, is to see that 
none *cff the draws are too tight^ especially the dr-;w 
from the "first to the second press-rJls. Should this' 
.draw be too tight, th.? web will be piiHed and stretched 
at t^e edges, and thobgli no cracks may be visible, the 
contractio'i’^ and consequent strain, as the p.'iper is 
dried, will cause the Weakened edge to break as, the 
draws become tightened towards the dry end. 

Should the draws be all right and the breaking 
contiiTtie, the edges should be closely watched for a 
|» of the wire, to see that no dirt has become fixed 
Sr tl]f meshes, and by hii.Ucring the passage of the 
water and the suction of the pumps is causing a weak 
s^ot near tiic edge of the web. A dirty or raised s&am 
will cause breaking both at the press-roll and the 
calenders, *AJittlc vitriol poured on the dirty pa’-ft will 
generally clean it ; but should^ the dirt still remain, 
blowing it with a jet of steam will take it out. 

Not unfrequently dirty spots, more than usually 
difficult to get rid of, will be noticed in the wire after 
the mechanics or joigers have been 'fitting up new 
boxes about the machine. These are generally caused 
by smalU pieces o? vidiite lead, which have been left 
lyin% about the boxes, coming away w^\th the stuff and 
being pressed into the meshes by the cbuch-tolj^ 

When the trouble is caused by a raised seam, the 
** stent "-roll should be pul down a few “'turns. . The 
iwet-felt should next be examined) to see that no dried 
ItufiT or»other hard substance has adhered to it near 
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the edge of thsweb. Should aiiyupuch liard nvateriai 
be coming between the paper and the felt as ityjasses 
‘ unocr the pre^s-joll, cracks, only perceptible* as small 
dark marksy will/ be made. If this is»the cause of . 
breaking, the marks will be noticed by examiningifthe 
end of the web just where it ^as‘ been sey^red. . 

Breaking at the calenders inay also . be caused - 
through |iaving the drawn .too slack, thus causing the 
paper to fold over at the edge when entej*ing the press- 
rolls. Should the cylinder draws btf too slack, “espe- 
cially near the wet end, the felts, if they arc tight} will 
take up the slack, and ingoing so cause very nunute 
foltfs on the edge, which, through being damp when 
calaidered, will make a weak spot on t^e edge of 
the' web. 

Wljen making thin ‘papers at a quick., speed, the 
, press-roll sltoujd be kept well down, while the kteam 
on the first cylinders stiould be regulated so as to dry 
very * gradually. keeping the press-roll firmly 

down, tl^ paper is rtiade more dry, and thus more 
easily handled \»^ien leading it^over the machine. 

When starting very heavy papers, at a slow speed,' 
the small plug just behind the apron-board sjiould be 
drawn out, so that the flooding, so liable when starting" . 
such papeBS, m\y be prevented. Somptinfes it is 
necessa^ to chan^e^ from one revolving strainer to 
another withc^it shutting, aiffi th^ strainer to be started 
h generally Vurnisheri from the chest by means of 
pails. 



PREFACE. 

^ — 

T he Author is well aware that 

l^KA^TicAL Paper-making is one to which a 
much lar^rcr and fuller work than .die prciipnt might 
have been devoted. lie trusts, however, that thi.s- 
little volume, .slight as Ls tljc treatment of most* por- 
tions ^of the subject, will in some measure suppljfe^a 
ncc^ which he has himself felt for^ .several year*, 
^and more especially during the first years of his 
apprenticeship — namely’, the need of a work on Paper- 
TSaUing whkh, while not neglecting tho.se teachings 
of theoretical and practical chemistry, tHb under- 
standing of which is necessary for the successful 
and economic production of papey,* should the 
sanfb time gKxv due cc^Ksidtration to thelpractica^ 
working ggf the P^per ^ill! 

He is awane, al.so, that# to carry out this plan,^vcTi 

or^ the unambitiou.'f scale the pfesent ^vojk, tiftre 
iii 
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a required author injtinate knovvlccljijc of the 

i'ctu^l w6rt:4nj^ ‘ of the mill, such as c;hi only be 
^Dtaincd by years of pyaclical work i'n the various 
departments. His own experience, he is table to say , 
having been such ?is should qualify him fo- the task 
he has here undertaken, he ventures to hope that 
many Paper-makers and Millowners will find in these 
pages knowledge and information of no little value, 
which has not hitherto been accdtsiblc i^q a simikuf 
iuin. ' To what extent the work answers his 
desires, his readers will be best able ^o judge. 

Speckl attcntvm may be invited to the illustrations 
of the Microscopical Examination of Paper and 
J*af5cr-making Materiijjs, pvhich have been repro- 
< 3uccd from micro-photographs. 

In the Appendix will be found .some useful f ables, 
Data^ etc., compiled from various .sources. 


Blackburn, Penicujk. 
^arch 1894. 


NOTE TO SECOND EDITION. 

t <. 

For * the present edition, the work has been carefully 
revised^ and some additfensSnade (ehlarging he volume 
byeabout 18 or 20 pages), so asHo^jrinjj thp^information 
fu^ly up to date. ^ 

^’^ANDFORD-ON-tnAMES, »€ar ^XFOKa ' 

November 1906. 
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oj* the loft must tfe kept as near that of the ordinary 
sumiii^ atmosphere^as possible, and as much advan- 
tage as possible shoald be taken of the ^atmospheric fir, 
when sufficiftitly dry to be admitted to the Icift without 
risk of making the papt;rs mussy after drying. 



CHAPTER Xi. 

GT.AZJNG AND BURNISHING. 

When paper is glazed by the calenders attachecj. to the 
machine, it is usually damped before being put through 
the calender rolls. Prio^ to this, however, it has 
generally passed between what are called the smooth- 
ing rolls, which are situated just before the last set 
of drying cylinders. These usually consist of two rt lls 
heated by steam, though not to the same extent as the 
calender rdls. ' 

By keeping the puper a little damp as it passes 
through these smoothing-rolls, and not heatinj;«the last 
cylindep any more than is necessary to , prevent damp 
spots, the surface imparted by the calender-rolls 
much improved. When a go*6d surface is wanted tiitl 
stuff must be kept fine, as lopg stuff, though taking* 
oil a good finish, always rises iip in the shec\ causing' 
a roughiKss, ^pspecially on the uijderside;. ' To' 
the i^imark of a shrewd old , paper-maker- IPs 

like smoothing sand and scnooftiing gravel." 

Even pa^rs made from loffig stuff are very liable^l 
lose their surface, owing to this rising of the bngUp 
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fibres, unless the pressure in glazing ft sufficient to 
thoroughly close th^ sheet. The improvement which 
can be effected on the surface by fj^er ituff is grd^t^r 
than is usuatiy supposed. 

The author knew a machine-man who used regularly 
to get his Ludter-man tS empty a finer engine as soon 
as possible ifter his shi{^ came on, with the.resuU*that, 
when the foreman came roulid, in about an hour ^d 
a half, to inspect the surface, the paper then being 
made was very much higher in finish thjjn that made 
iifst before the outgoing shift had drop^>ed off work. 

The form of damper usually employed to moisten 
the paper before it enters the calenders consists •of 
two hollow copper drums of about 1$ or i6 inches 
dia^meter, though, of course, they may be of any desired 
size* These drums are filled wifh cold water, and 'lcept 
cold by^ means of a continuous flow passing through 
them. 

A tamper pipe, perforated wj^ numerous very 
minute holes, is placed along the front of each of the 
drums, so that the steam which is tjown from the 
;holes will condense in the cold drums. The drums 
ar6 so placed that wljen the paper is running over 
&em ,ono will come in •contact with the top and the 
lather 'Rrith^the under side of the paper The moisture 
:^ciwsited orf the dfums^ by the condensation cJf the 
'^am is thus carried a^ayton the paper^and helps 
j^riwtly to improve* the su|face when subjected to the 
nressure and heat of the calender-rolls. 
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Owing, however, to the moisture thus applied being 
merely on the surface, and not havng time to pep^’trate 
int€ the paper* ^ho* high finish thus obtained is very 
liable to g6 back. A little sperm oil should be poured 
on the drums just at the edgjes 6£ the web, sq that 
the water may be prevented from* passing- on to the 
calendar rolls, and so causing 'rust on the edges. 

Printing papers, on which a very high finish is 
wanted, are ofter’ glazed on the super-calender, after 
having been given a good machine finish. The -contact 
with the alternal>ng metal ^nd cotton, or paper-covered 
rolls, has the effect of imparting a velvety feel, un- 
obPainable by the passage through the 'machine 
caj,enders. ^ 

'A^little of an alkaline soap, made by dissolVffig 
whitp soap in^ caustic lye, is often added to the pulp 
in the enj^fne, in order to improve the surface. 

When paper is dam*ped before glazing on the super- 
calender, tbe rolls nfbst be worked at a heat 5>^lfficient 
to dry i/:. The cooler the paper to be damped is made 
the greater witi be the amo^unt of water absorbed, 
without causing the rolls to ^^bag” when winding on 
the damper, and the more pressure will it bear in 
passing through the rolls. For this reason' bJth tub- 
sized an^ engine-sized papers should be Allowed to 
lie in^a cool place fgr some lime before damping. , 

To obtai^ a surface whifh will n^t be liable readily 
to go back, the pressure mi!^t not be too heavy, nor 
must the rolls be yvorked with too much h^t. It is 
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much better for tlic appearance of tiic paper to put 
it thtiffugh twice Aan to work heavy pressure,^ and 
glaze with one passage only. The^npunt of pressure 
which can be applied without unduly crushing the 
papo'* depends very n^^cli on the stoak from which 
it is made^ 

Papers largely compose^ of straw require S good 
pressure, in order that they may be closed $o as to 
avoid the rising before referred to. #This is especially 
the ca^e when suck papers have been dafhped. 

' Owing to the hard nature of theiu ultimate fibres, 
wood and straw papers ftre very liable to become 
wrinkled when damped, and this will be more notice- 
able if thoy Jiave been hot when put through the 
dAiper, Should papers consisjing wholly, or in ferge 
proportion, of wood become too dry oii the calender 
rolls, tfiey will be very apt to break, owmg to their 
hardj^ brittle nature. 

In giSzing highly-finished paper for magazine and 
illustrated ^work, in which the su.face and tnot the 
appearance is of the §rst importand*, the pressure 
applied in the super-calender is often such as to cause 
all the sheave and gr^tf^ matters to show up. 


In glazing high-coloured papers m|de from coarse 
stock which^Jias been kept long in the engine, very 
heavy pressures ait necessary, in .order to obtain the 
degree of finish jusually imparted to s^ch papers. 
Quite a comr^ion pressufe for th^ class of papers is 


about I Utons on each end of the (^lender, while some 
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of the most recently fitted up calenders are supplied 
wHb weights equal to 50 tons. 

At all times/ but especially when glazing tinted 
papers, the greatest care must be exercised to keep i 
the heat of the rolls as uniform as pos^b]^, as'eare- 
lessiitf'ss inlhis respect is very 01 fen the ^msuspected 
caqse of the appearance of shades. This applies with 
even greater force to the burnishing calender, as even 
a slight variation of the heat of the* burnishing-roll 
will cause shades to appear. 

‘ A good plari^ to prevent the overheating of the 
buynishing-roll is to let both steam and water, into it, 
so that it may be quickly cooled down should the heat 
become too strong. 

li^ friction glazing, as in super-calendering, the best 
results can Ifc obtained by working .with little or nb 
pressure, and putting the paper through more fre- 
quently. To keep the burnisher working smoothly, the . 
wax should be frequently applied, so that it may < not? 
dry and crack the paper. Should the paper be too 
damp when gfazing or burn'shing, it will be liable: 
to become blackened. This blackening is sometime^ 
attributed to the want of war on the bhrnisher, but- 
neglect to put ^vax on the roll, though a ver^rcquent 
caus^ of^ cracks, will not, under* usual conditions jof 
working, be liable^to cau^^e ft. 

The surLce imparted to gaper gCazed in a projierl^^ 
constructed plate calender is much more silky than 
^finish obtained on‘^the super-calender, This^is due^M' 
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the pressure on the plate calender being so much less, 
and i^iiis the original elasticity of the fibres is pre- 
served to a much greater extent. ' 

This has the efiect of making plate-glazed papers 
bulk much bctler^ftian^ similar papers iinished on the 
super-calejder, aad in addition they have more 
mellow appearance. Great care must be exercised that 
the plates used are free from gritty matters, otherwise 
the papers wiK be very liable to become indented and* 
rendei^d rough or^the surface. 



CHAPTER XII. 


CUrT/NG.—F/A7S///j!VG: 

Cutting — Tne nrsi ining lo oe aone wnen preparing 
to start a revolving cuttey. is to place the roll with 
leact breaks — that is, if those to be cut are not free 
from breaks — in the bottom bracket nearest to the 

* c 

fetding-rolls. 

The reason^ why a roll without breaks should be 
put ftiere in that any breaks or cracks on the* pthers 
mayf be led over the« boards and through the rolls 
without the risk ofrcatching and tearing, beteg sup- 
ported on this under web. As this roll is also the 
guide when sorting the circulars, the one put on 
should be as evenly wouni as possible. When 
this foil has been put on, aiyl* before any of the 
others ariS||ifted into position,* the paper sfe^’dd be 
torn perfectly square, and, after folding, put^carefully 
in|P ^je /eeding-rolls. 

The utmo^st care is ned^ssafy that it may not be 
slanted, even in the slightest degree, as should it 
be even an eighth of an inch off the square, the 
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circulars will be set fully an inch ofl* itlie line ; and if 
the canftot be altered to bring the sheets 
right, there is nothing for it but ft) s^ut down and put 
the circulars into line again. 

Xhc n limber of^olls which can be £ut at one time 
depends (jn the #ondit'on of the cross- cajtling knife ; 
but even with a sharff kni^ six rolls of the srfbstance 
of large post 21 lbs. is a heavy filling. 

Should the* filling be too heavyi> the under sheer 
is very liable to be torn in a peculiai^ manner, very 
xiillicult to detect, unless t|je cutter-rjan knows whcfe 
to look for it. This tear^is usually of a small semi-^ 
circular shape, somewhat irregular, however, an 3 as 
it is on .*;he^under sheet it may run for some lime 
Ifcfore it is noticed. It is torn^off just when the cross- 
cutting knife is passing the dead knife, %and falls, down 
on to* the carrying-felt. 

"^hen this tear makes its appearance, whiclf will 
be eitftr when the filling is tcR heavy ^r the knife 
too blunt,^ the best plan is to break off 011^ of the 
rolls, and thus allow ^the knife to •go through the 
remaining sheets without any shock. 

Great ca^e must exercised, when setting newly- 
shargSflifl circular knives, not to press them against 
the under jyiivcs .until the fine wire icdge, has taken 
on a skin. To bfing up this sl^in, they should be 
gently rubbed v^ith a fin? file. A goo<J plan is to 
put a piece ^f thin copying or tj[ssue paper between 
the blojk and the knife when ^tting for the first 
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day or two, and ns the edge becomes hardened gradually 
to bring them closer. 

When new the 'cross-cutting knife needs little 
attention ; but the parts not cutting the paper should 
always be kept well oiled, so /hat »there.iT}».y bf no 
attritiejn as ‘they come in contact* with |.the dead 
knife. ' 

I 

When, lotting out the spring nearest the front of 
"^the cutter, it must be done very crfutiously, and 
after doing •tfG the knife should always be dHve^ 
through with th^ hand, ti^ make sure that it is not 
too far out. Should it be •too much sprung i^ will 
lock into the dead knife and seriously damage both. 
Should the cross-cutting knife miss any point, 
the portion on each sid^ of it must be rubbed down 
with file so#as to bring them to Jhe same level 
*as the poin\ which is missing. 

Th^ feeding-rolls must always be kept free from 
oil, especially the jacket, as should any get^ on to 
them th«y will slip over the paper insteat^ of draw- 
ing it in rcgulafty, and cause ^hort and long sheets. 
This may be detected by watching the feed of the, 
paper, as if the rolls are slip^^iflg it wilf be very 
noticeably iritgi^ar. When oil has got on*%'iheral 
a rub^witki a doth moistened wilh tui;|;jentine wUl 
^take it off immediately. 

Should thl paper be ba^y cui, n «ijuuiu uc tiusciy s 
watched between th$ tube-rofls and the,cross-<;Mttin^; 
knife, and. if anv lurch is seen then, the srrew 6h 
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the pulley wheel must be looked Co, as, if it has 
become loose, it will cause the pttper to be unpv^nly 
cut. The screws of t^e spur-^luiels nyast afio be 
kept ^♦Jght, or tlie cutting will be very defective. 
Sh#uld*4’e cutting b^ bad, owing to a backlash on 
any of tlje piniofis, a piece of clean leather ig^erted 
between the shaft of* the^cross-ciitting knife '^an(j the 
brass at the back of the cutter, and firmly wedged 
down by means of the collar/' will remedy itT 
Though it is useless unless the shaf^tieats a little, 
care must be taken to ke#p it moistened with oil 4o 
prevent undue heating. 

When the length of the sheet being cut is 50 
inches and •upwards, some difficulty may be •ex- 
perienced in keeping the sheets from rushing against 
the revolving frame, owing to the "felcw revolution 
of the cross-cutting knife compared with the speed 
of t(he other portions of the cutter. 

• To cure this, two of the blade screv^ should be, 
unscrewed, and a long sheet of paper or clearf wrapper 
screwed between then^ opposite to tfic paper. These 
sheets are allow'ed to hang like flags, and as they pass 
ground gainst the •p'iper serve to *drive dowm the 
. sheis on to the carrying felt. 

.w When citing a short sheet of pefhaps^ 14 jnches, 
v or nearly the lengthy of ^the JaH between the de^, 
l;;]cnife and the feit, the heaving felt is Xry liable to 
xome againsttit just as the cross-cutting knife is going 
jjhrouglu and thus both uneven* and badly squared 
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sheets are the result. A piece of thick* twine stretched 
across the cutter, on the top of ttic paper, arvmch 
or tf/o back frdi^ tMe cicad knife, will generally cure 
this ; but it is rather dangerous mending a break 
on the top roll when it is on, *a^ the (^tcr-^man 
must jift thj; string with his fingtrs, to^allow the 
tail ol The paper to pass ipidcr* In such a case the 
better plqn is to shut and leaa it under, when it can 
Tje done with perfect safety. 

When cuttiitg friction-glazed paper the feeding-rolls 
w;ll not take r^re than^three rolls* at a time with 
security, unless the brasses are wedged and firmly 
pressed down at both ends, when six rolls may be cut 
at ®ncc and nothing go wrong. The h^gh polish on 
the f>aper, together with the wax applied at fife 
burni^er, causes the middle sheets to slip so much 
that they wfll often be as much as an inch short,* while 
the td^) and bottom sheets are quite right. 

As there iis not iftually a guard on the luus, mis 
pressing js not to be recommended, on account of the 
danger when mAiding breaks.^ Should even a small 
piece of broke run round the under feeding-roll, the 
size of the sheet being cut wiK •be instantly raised, 
though no harm ^will result should any run the 

top roll. 

Should the circulgir or block hnffe, running out of 
gearing betwlen those whiefi are cutt^g, be left slack, 
either the one or the^other wifi be sure tp slide along 
the shaft until they nearly meet, making a long straight 
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•ine oij the paper, which, though noi .easy to detect, 
neith'^^ plate calenders nor anything else will take out 
again. 

Wb?n the circiilaiS are dull, and the machine cutting 
frictj^n-glazed or g^en ^ordinary papers .with a narrow 
selvage, the knive« at the edges will ciU the sheets 
very unevenly, which •will soon be noticed, a^T^eets 
cut in this way are generally about a quarter of an inch 
broader than the size. 

Th^best cure f«r this is to shut anii«drive a nail 
into the board bdween the fjeding-rolls and the knivc§, 
and opposite each circulai*, which is cutting the bad, 
edge, to ‘hang a folded sheet (not more than two pTies) 
on to the.naij^ and then lead it over and underneath 
thb •board, so that when the cutter is started it willf run 
into each circular and hang there, being clasped cm the 
nail. 

Should a break on the top roll run over insteSd of 
betweeif the tube-rolls, when ciittflig square paper, the 
sheets arc liable to be cut off the sqjare, though when 
cutting angle little or no difference fe caused. The 
belt which runs over the expanding pulley should always 
be kept tight, as shouicHt be left slack the sheet will rise 
in siz^^fftlfn i inch to 4 inches. In fac^ from the drags 
which hang ^n the, rolls, upwards, everything must be 
kept tight in order to emure regulaf cutting. 

If the feeding-r^lls are ci?jasing the pa^r, the edge 
where the creas^ runs oift should jDe eased slightly in 
order t<^put the crease away, ghould this be in- 



158 PRACTICAL PAPER I^AKING. 

effectual, easing, tne tube-rolls will slacken the strain 
and also help to put the creasear away, but when 
alterifig the tube-roils care must be taken that the 
square is nbt altered. Tissue and copying*papers are 
most liable to crease, and sometimes^ the top tub^roll 
has to be taken out altogether in-order to^ prevent 
creasFii^v though, usually, lifting it about one turn of 
the screw at each side will be sufficient. 

»» To prevent creasing at the feeding-rolls the top one s 
should be lift^A after all the tails a^^ in, and th^ si^l* 
measured ready for a start, and a long sitrip of soft felt 
about two inches broad wound round each end and 

r 

made to adhere by means of resin, so that it may not 
conpe off, but press on the paper above the selvage 
■ whicfi the end circulars are taking off. Enough 
should be put pn to admit of the jacket being raised 
"about one-sixteenth of an inch above, the paper. # 

Tht cutter should not be allowed to run longer than 
two or thre^ minutes without paper if the knives are 
'in gearing, because, should they become heated by 
friction, they are^very difficult to put right again. For 
the same reason care must be taken that no part 
the knife outside the breadth of ethe paper is left hard 
pressed. 

Should (he kqife be blunt and any part of i( pressed 
hard iff) by means of^the spring^ in order to make jt cut, 
‘'the square very liable tb bd altered, and while tljc 
’ back sheet may be all right the front ‘ pge will &ome^ 
times be half an inch off the square, •j|is is> m<^ 
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liable to occur when the centre springs %re pressed up, 
and ii^ay be remedied by inserting five or six plies oC 
wrapper underneatli the metal plat< at the back o*^ fhe 
dead knife.* This wrapper may either be^ put in at 
the front or the ba(«k, according to whether the square 
is off tRrtne way^or {be other, and the thickness of 
the plies can be regubjted so as .to give the diisfSnce 
that the sheet requires. 

The number of inches which the, carriage requires^ 
,to be jnoved whe^ altering the draw dej^ends on the 
angle or dip at A;^4iich the frame is built. When finding 
•the square the sheets must always be talcen from the felt 
in the^one direction and folded in the same way, th^ it 
may be readily ascertained whether they are over^or 
■"uidsr, should they require altering. 

When changing from* the single to tljie double draw, 
the sqpare, though quite right when rtnning the 
single sheet, will, owing to the •slow revolution oi the 
cross-ciiiating knife, be found to be under the size, the’ 
variation depending on the length of the draw. ^ Should 
the draw Have been lengthened the garriage will re- 
quire to be drawn out a little, and when changing back 
rlo the single draw it ^ill have to be put in again. 

Ih^ittaiig angles the brackets should be drawn as 
hear fo the front of the cutter as posable, so that the 
bwkside sheet will* havf a shorter distance to travel 
i^cr the boards; and c&re Aust always bc^ taken when 
making, that th^papers a»e not too broad for the cutter, 
so, the points of the sheets wjli run straight into 
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the frame instead of down the felt. The second tube 
rolls, worked when cutting angles ^which come ^ip. to 
aboif': forty-five and sometimes over that, must 

always be perfectly square, or they will draw in the 
paper unevenly. 

Wl;en the tube-rolls are not drr.vdng qujck enough 
to kce^‘the paper tiglit, a ^urn*or so of paper wound 
round them will draw it up quite tight. When this 
"paper is put on it' should be kept about an inch clear' 
of each edgc/'Z/therwise the rolls very apt toH^nock 
spiall holes or crjacks into Jhe sheets. ' 

, If the feeding-rolls have been pressed for burnished 
paper, the blocks must be taken out before cutting 
papers such as cartridges, which are usually finished 
roiig^ as the hard-pressed jacket would put a glafe 
on that portior which passed under it. The string 
"^across the 8ead knife should never be used wlren the 
draw^is fifty inches o^ upwards, as the slow motion 
of the knife, sends tfie paper over it, and thu? makes 
*it dangerous for the square. 

When starting* a new knife^ on the English cutter, 
care should be taken to see that it will go through 
without becoming locked; and^''v\?ith new,, or newly- 
ground circulars^ the same precautions shoulT^l^t^- em- 
ployed as Vienti^ned in connection yvith tjie revolving 
cutter. 

Should th'.‘ feeding-rolls* slip, and thus draw the 
paper unequally, a piece of Uiin papel^tjvound round 
the top roll will make them draw much better.^ While 
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the “ dancer ” must not be allowed to falf too far down, 
the^puger must iiot^bc drawn so tightly as to raise it 
against the platfoim, or it will l^p sflre to cau^*a 
break. 

When quickcning*the speed of the dyum by means 
of the screw attached fq the arm, in order to bring 
up the name, the belt .should be put up the :.^rfe a 
little in order to bring up the draw from the reel, 
and thus prevont the ^‘dancer” becoming too much- 
drawn up. 

When the cros'fe-cutting knife misses it should be 
raised up a little by means of the screw ; this should 
be done Very carefully, in order to avoid the risl^of 
bringing it too far up, and thus causing it to grip ilae 
dc»d‘ knife. 

When cutting lined paper it may happen that the 
lines do»not come exactly parallel when the %heets are 
folded, owing to the dandy nt)t having been® set 
perfectly*parallel on the machine.® 

This may be remedied to a great extent by \yinding 
thin strips of paper round the '^danesa*'' at the side 
where the lines are farthest ahead. This has the 
effect of drawing the .side to which it is put so much 
back to- bring up the side which is farthest off the 
parallel. 

Finishiiig. — The ^different Itagfs throughi which the 
paper passes in che salle*are entirely dependent on 

the qualities produced in the mill, ayd thus the degree 

II 
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of overhaul] ng^o which it is subjected varies with the 
requirements of each different mhl. As a rule, ^the 
higher the quality** and price of a paper the more 
closely is it overhauled, and, consequently, the greater 
is the proportjon of retree laid out. 

During the last year or two die engine-sized machine- 
finisn^d papers have reached to such a degree of per- 
fection that it would almost seem as if eventually the 
'better qualities of*, tub-sized papers wou?d be driven o.Ut 
of the market altogether ; and, consequently, thcongine-’^- 
sized papers have to be much more lloscly overhauled 
than was thought necessary, several years ago. 





CHAPTER XIII. 

MlCPOSCOriCAL EXAMINATION OF PAPER. 

Notwithstanding what has been written about the 
reagents necessary to enable the microscopist to^ 
distinguish the various fibres after they have Been 
made into paper, they are of little practical use. The 
red^on of this lies in the fact that the groups mto 
which the fibres can be separated by means of 
these fieagents are those which are mostf easily dis- 
tinguished without their use. 

The #eagent most commonly f sed is ^ solution of 
iodine in potassium iodide. Cottoi., flax, and hemp 
fibres, when moistened with this reagmt, are coloured 
a dull red violet; esparto, straw, and chemical wood 
.fibres are nearly colourless, excepting the brownish- 
yellaw tiiige of the solution. Unbleached, or imper- 
fectly bleached, wood and jute show tiRs yellow tinge ; 
but, owing to the prWnre of the incrusting substJhces, 
(k is much more distincf. 

‘ - In order to render the iolours more distinct, a dilute 
Wution 9f sulphuric acid may be ysed to moisten tHe 
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fibres, after have been in contact with the iodine 
for some time. For the student of ‘paper-makingf v»ho 
merely wishes f<j become acquainted with the physical 
characteristics of the various fibres, and thus be able 
to determine the materials of whidh the papers tjhich 
may come u^ider his notice are composed, a very good 
beglnh-fOg may be made with '■a microscope provided 
with oppVs magnifying from 8o to lOO times. 

The glass slides and covers used in^ mounting, can 
be had frompany chemical dealer, a, id cost very little ; 
while the teasing needle^ can easily*" be made by in- 
serting the thick end of an (ordinary needle in a small 
picc* of wood, or the handle of a crochet nec*dle, and 
bending the point to the desired angl^. after having 
heated it in the gas. ^ ' ' 

A small boUlc of glycerine, for softening and ren- 
dering the® fibres more transparent, should also be 
procured, and a pair oF small forceps will be required, 
in order tOofift on ^id off the glass covers. 

Before? beginning to examine paper, specimens of the 
differtnt fibres, rafter they have been reduced to half- 
stuff, but before treatment in the beater, should be 
mounted, so as to be ready to* hand for comparison. 
Suppose the first of these specimens to b3*pre^. ;.red 
is that of esparto grass, a small piece gf which has 
been^obtained fron^the pr€ssesp^te*vif^h. As the ulti- 
mate fibres [tare not firml/ felted together, they yield 
very readily when drawn apart by tfti^ needles. 

A small piece sjjould be placed on the sl^e to be 
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used, and having been covered with Jdrop of glycer- 
ine, siiould be separated into ultimate fibres by means 
of the teasing needles. It is mufth better ^to examine 
three or four isolated fibres than a complicated net- 
work, as by do'.rf^ so the characteristic structural 
details, together v ith the length and the fornT’tion of 
the ends, can be muca better seen. 

Papers to be examined should first be bofed for a 
few niinutes in a dilute alcoholic si^lution, in order tO 
remo\e the size c'^ating from the fibres. » Even when 
aided by reliable* specimens, the work of distinguishing 
the various fibres is at fi.st attended with difficulties 
which can only be overcome by much practice. 

By usi’ig dilute colouring solutions of carnation or 
r-.a^enta when mounting, the characteristic appearance 
of the upper skin is more distinctly broughj out. 
WheiF working with a low power objecti^'ie, the field’ 
is enlarged, and thus the whole length of the Sbres^ 
broughi^into view, with the result that a^nuch better 
idea of the comparative proportions of the different 
fibres is obtained. For this reason, the objective em- 
ployed for ordinary work should not exceed lOO to 150 
diameters. 

an vantage of becoming thoroij|;hly accustomed 
to view the ,^bres under such a magnification will be 
much appreciated when a higher ^wer is substituted,* 
in order to render the structural details of lanjr fibre, or 
"group of fibr^*-,' more aiJi)arent, JiVhen changing the 
objectives from a low to a high pojver, the proportions 
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must always be^borne in mind, as fibres which present 
a similarity of appearance, though ditfering as to jength 
and Hiame^r, arQ, aC first sight, apt to be confounded. 

For instance, esparto, especially Spanish, may some- 
times be mistaken for linen, as seJin under the ,Ipwer 
power, owing to its enlarged appearance. If it is 
possififtf to obtain a little, of the pulp just after fur- 
nishing, ,and before the roll has had time to reduce it, 
and, again, as it fs ready to pass over the machine, a 
very good idea of the effect of the treatment Can be 
obtained. 

The quickest way to mbiint such a sample is to 
dilute it with water until it is thin enough to be viewed 
by* transmitted light, and then pour a litfle iiv^o a small 
glass live box, when \t is immediately ready to lie 
examined. Viewed in this way, the fibres are much 
less transparent, owing to the absence of the gly\;erine, 

^ and thus the appearance of the external parts is mugh 
easier noticed. Examined in this way, cott(?n fibres 
will be ceen to be quite opaque, while the transparent 
central canal of ftnen fibres will be very apparent. 

Cotton fibres consist of opaque, flattened, ribbon-Iikef 
tubes, frequently twisted upon/tlfemselvesi The side 
walls ace thin, yvhile the central canal is large. ,^The 
outer skin, is rpugh and granulated, pres^^nting, when 
t d»*y, a dark, opaqve appearance. When moistened 
with glycerine or Canada balsam it ^.’oses this dulnes^J 
and becomes transparent l)n examKjing the fibr^ 
before beating, one end will be seen to tape^ away lat. 
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a slight angle to a fine poi.it, while thef other laiios the 
fcHtn'^gf an irregularly flattened knob. 

Linen fibres are long and, like^ottV., ti^bular^ but 
the side walls are much thicker and firmer, while the 
central canal, though smaller, is easily distinguished 
by its transparency, even when no glycerine been 
used i-si mounh'ng. TliCy are smaller in diameter tlian 
cotton fibres. Sometimes linen fibres, notched like a 
bamboo-cane, arc met wdth, though usually the side 
walls - are smootV and regular. (Secfc Plate VI., 
Fig. *11.) 

Hemp fibres are som what like cotton in that 
they are flattened in the same way and have a farge 
diameter; but^ they are not twisted upon themscl-^es 
the mann'‘r characteristic of cotton fibres. (See* 
Plate L, Frontispiece, Fig. 2.) ^ 

Maifilla fibres have a larger diameter than hemp, ® 
and the side walls are well defiiihd, making the cJhtral 

fRl 

canal, Which is large, very easily feen. T|jfe side walls 
are more uniform than those of the cotton fibres, and " 
present a more lustrous appearance v. hen mounted in 
glycerine. (See Plate VI., Fig. I2.) 

/ Jute fibres have u’nequally thickened side walls, 
.’whMh, however, are smooth externally. The fibres 
are very seldom completely free from ^ incrusting 
inatters, which, when dry, obscurg the central can^ 
‘Wood fibre?, especially t^ose from pulfi prepared bj 
^ sulphite metnods, are* transparent. They 'resemble 
ibtton fibres in their flattened, ribl^on-Iike appearance^ 
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but can easily' be distinguished from them by their 
stiff, rigid, wooden-like form. Not infrequently^ wood 
fibres, twisted upon themselves like cotton, are met 
with. They are long and of large diameter, while 
those from tl>c pine woods sliovv numerous "-mall 
vessels or dots. When dry the upqxT skin is rough 
and gr.inulated in appearance;' and this is especially 
noticeable in ‘^sulphate” pulp. When mounted in 
glycerine they become very transparent," and it is only 
by carefully' gauging the focus thaw the characteristic 
dots can be brought into view. (Sec Plate V., Fig. 9.) 

• Esparto fibres consist of short, smooth tubes with 
finely tapered ends. The central canal, though small, 
ow‘i,ng to the thickness of the walls, is nuite apparent 
Esparto can easily be detected, though present in 
small, proportioii, in a paper, owing to the characteristic 
serrated cuticular cells which are so easily recognised 
^ (See' Plate V., Fig. 9.)' 

The ultimate fibres of straw, though similar in 
appearance to esparto, are smaller both in length and 
diameter, and thb ends are more pointed. The rigidity 
and smoothness of the side walls are very apparent 
The cuticular cells vary in f^rm with the different 
kinds of straw fr^om which the pulp has been prepghid. 

Straw pi lip ^Iso contains small ^oval-i.Jhaped cells, 
•''hich are derived from the stft, pulpy matter of thte^ 
stem, and, When seen, are a sure 4indicatioi| , of . 
presence of straw. ^ While** mo& of fhe fibf^ ,'ard 
smooth and regulai^ sometimes they will be, seen to 
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present a pcculiai^y jointed appearance, which serves 
to^isWnguish them from the smaller esj)artc fibres. 

The fibres of mechanical wo^d present a thort 
tangled appearance, and arc bound together, by means 
of th incrusting s’jbstjnces, into small* bundles. The 
presence of these incrusting matters causes, f-.t m^to 
be dark and opaque ; * and it is for this reason that 
mechanical wood is used to prevent the transparency 
imparted to papers made from highly bleached sulphite 
puip.^ ' (See Plate ML, Fig, 6.) 

The presence of mechanical wood In a paper may 
be detected by means of a solution consisting of equaV 
parts of sulphuric and nitric acids, a few drops of 
which wik pr(jduce brown stains on papcTtContair^ng 
n,echanical v^ood. A solutign of aniline sulphate 
forms a very good reagent for the dete :tion of qjecha- 
nical Wood, owing to the deep yellow sta*n which it 
produces on paper containing it. 

Though the difficulties in the way of making a 
quantitative examination of paper are great, yet to 
the paper-maker who ^as already become expert in 
distinguishing the various fibres in the finished paper, 
such an examination *is quite within the range ol 
posiii'iiity, providing that he can obtain samples, the 
authentic composition of which is kno^n, from which 
to prepare standard specinjens. 

The first and .:hief difficulty lies in th^obtaining ol 
such samples^ but should he have|iccess to the beating 
department of the mill, he can, a»thc result of some 
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little attention ^nd practical knowledge, obtain samples, 
the percentage composition of which is accurate tjpough 
for a’J pra(;J.ical purposes. 

A very convenient way of preserving these samples 
is to fill a number of small glass-stonpered bottles, pwith * 
the different samples, the pe^'centage composition of 
which i.- known, taken from the machine breast-box, or 
better, as it settles down between the first and second 
slice. 

When it is desired to mount sucb stuff, a smali drop 
of it should be lifted ou( by means of a glass tube 
drawn out to a fine point. • Before doing so, however, 
care must be taken to shake the bottle vigorously, in 
ordor that ft\e portion examined may represei?| the true 
composition of the whole. 

After the diop has been placed on the slide, the 
excess of water should be removed before putting on 
^the glass cover, in ordjer that the fibres may not be 
carried out cf the fiefd when the cover is pressed down. 
This may be accomplished by carefully sucking it up 
by means of a slip of good blotting-paper cut to a fine 
point, care being taken that none of the fibres 
disturbed, or made to adhere^^ to the blotting-pa^r 
when so doing. 

A very good^lan is to place two specimens ot the 
or paper, on the same elide, mounting the one ini 
glycerine o^ dilute alcohol, witkout ithe addition 
colouring agent, while the 6ther' is cojpured wit]^,;i 
dilute solution of carnation. If preferred, a drp|), dt 
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Stuff may be mounted alongside a picctSof the finished 

pa»ei*,.when it will at once be seen whether the action 

' ’ • • • 

of the shake, 01 the contraction on ^lie oryin^j cyliiyers, 

has had any effect in altc-ring the distribution of the 
fibre^j, • ^ • 

As the knowledge of composition *o{ the, papers 
examined depends for* its accuracy on the ^resutts 
obtained by comparison with the standard samples, it 
is obvious that* in order to obtain satisfactory results^, 

no caft must be .tpared in order to insure that the 

• • 

standard preparations may be trustworthy. 

When it is considered “4hat the composition of 
paper m'ay, through the addition of even a sSnall 
quantity ff broke,” reduced by the edge-gin ncr,4’>r, 
itf may be, furnished to the gotcher with the grass, 
become very complicated, the difiiculty of obtaining 
trustwerthy samples will be understood. 

The degree of fineness to ^^hich the* fibres liave 
been reduced in the beater musf also b^ taken into 
consideration, as the ultimate fibres^ of rags agd wood 
are, owing to the length, more liabk to become cut 
up under the action of the roll than those *of esparto 
and ^Itraw. The preseT'^ce of fibres added as broke ” 
P rjqich more easily recognised in papers made from 
long stuff, owing to the greater degree^ of fineness to 
f^vhich they have kecone reduce^ consequent 
;|t|inr having becrv in (fontact with the rolls and plates 
aq fi|Dach ofteger. 

Viiv^d microscopically, the various forms of load- 
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ing arc seen $) be possessed of feSturcs siiriiciently 
characttTistic to make their dgteetion a matter^ no 
grea^* diffiplty, Especially after the microscopist has 
gained a knowledge of tliese charactenstics. The 
finely-divided particles of which •barium sulphate is 
composed are* seen to differ ‘ffoni those of ’'china clay, 
in* thabthey are mostly wedgee-shaped, while the clay 
I)arti(:les^ are irregularly rounded in form. 

» Pearl hardening is composed of miiiut#* ntedje-shaped 
crystals, the#pcculiar form of whicli makes theiw easily 
recognisable. (See Plate VII., Figs. 13 and 14, and 
Jlate VIII., Figs. 15 an^i6.) 





Fig* 16.—TERRA Ai.ba x 135. 
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CHA^TEH XIV. 

re,ST5 l^OR INGREDIENTS OF PAPER, 

AnimsCl Size. — Thl!; presence animal size in a paper 
can be detected by means of utie reaction with tannic 
acid. A piece of the paper to be tested is torn *nto 
small fragments and placed in a test-tube. * A sn^all 
quantity of distilled water is tten poured in, and the 
tube held over the gas for some time, in order that 
the bojjing may extract the gelatine, ana ah the ‘Isame 
time concentrate the solution, so*that the feactionunay 
be th(5 m^re easily noticeable. 

When it is considered that tlie s.ze has l)een ex- 
I tracted the Doiling should be stopped, .“pid after* cooling 
the tannic acid should be added. If aniiiml size is 
present a flocculent miiky precipitate will at once be 
fon^ed, owing to the **tannate of gelatine produced 
by thV'Ci5mbination of the gelatine flrith the tannic 
acid. 

The consistency^ of the pfecipUate dep^ds on the 
amount of animSl sice paesent, papers sfZStt with a 
strong solution of gelatine yielding a thick gelatinous 
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precipitate; w’lilc, should the. sizing; be weak, a thin, 
milky precipitate will result. 

' When ^ the Reaction is so weak as to be scarcely 
discernible, Milloii’s reagent will require to be em- 
ployed. This reagent is prepared by dissolving a 
known weight of quicksilver in aji equal weight of 
fbming nitric acid, and after fooling adding an equal 
volume of distilled water. 

, When paper containing animal size ds moistened 
with this solution and brought tq a gentle heut over 
the gas flame, a red colour will be produced. This 
colour will vary in inte^isit,'/ according as the sizing of- 
the 'paper has been strong or the reverse. 

‘Alum.— To test paper for free sulpfiate of alumipa 
half a sheet should be torn into small pieces and boiled 
in hot watjr until it is reduced to a pulpy state, when 
the Contents of the small flask in which the boiling 
has been cpnducte(J should be poured on ta a filter, 
and the pulpy mass well washed. 

The filtrate should next be boiled for a few minutes ^ 
with a srrfall quantity of ammonium chloride solution, 
together with a slight excess uf* ammortia, when any 
sulphate^ of alumina present will be precipitated es a 
finely divided w^ite precipitate. 

'‘Starch. — Starch can be^detefcted ^by means Of the. 
charactehstic blue colour produced when a drop o| 
Todine is placed on^*a paper to which starch has tept 
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added. Before tht amount of starch present in a paper 
cai^ he* ascertaiiie’h, the size coathig must first be 
I'emoved, Thfs is accomplished by^boiiing the sanipUe 
to be teste(> in a strong alcoholic solution, acidufated 
Svith a few drops oS hydrochloric acid, until the* resin 
has gone iato solution. 

The pap6r is then ^Jashed with alcohol,* drich,' arid 
weighed. It is next boiled with a more dilute alcoholic 
sqlutioq, also j^cidulatcd with hydrochloric acid, unlij 
all the starch has been dissolved out. The^ point when 
this ft accompli^ed is determined by means of a 
dilute solution of iodine,^ Wi which tlie paper fs 
mqistehed from time to time, until the characteristic 
^ue ceases to be produced. 

I^^After washing and drying,, the weight is ag£?in 
determined, when the difference in the ^wo weighings 
will gi^e the amount of starch present. * 

CMbriies. — Should it be suspec'ied that^any of the 
chlorides, resulting from the decon position of the 
bleaching powder solutions, are present in the paper, 
the simplest method of 'proving their exisUnce is to 
precipitate them by means of silver nitrate solution, 
to ^hich«a-iew drops of pure nitric acid have been 
added!** 

To accomplish tjys the paper to tested slA)uld 
be boiled with a smalJ ^uaitiity of distilleq^ water, and,<; 
after filtering, a Tew dropo of the silver solhtnjn added 
'to tfie filtrate! Should chlorides^ present a white, 
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curdy precipitate will at once separate out, which, when 
exposed to the light, will soon become blackenccl. 

Engine Suse.— The prescn'cc of engine l^izc may be 
ascertained by heating small picees of the paj)er to^. 
be tested in, a strong alcqhMic sojutioi>, 'vhen the 
i\;sihatc of alumina will be partly decomposed. By 
adding a considerable excess of cold water the dissolved 
resin will be prcri]>itated, as it is iiisoJ,uyc in .a dilute 
solution of^alcohol. 

Schuman’s method for the determination 6f the 
Amount of resin consw^s ^in heating the paper in a 
’dilute solution of caustic soda until the reshi'is dis- 
solved, and after filtering and washing the paper w^ell, 
adding to the filtrate a^ sufficient quantity o^ sulphuric 
acid to decompose the resin soap. The precipitated 
resin* is tljen obtained by pouring the milky ^.olution 
throtjgh a weighed filter. 

After washing and drying, the filter conta/nirijg the 
resin is carefully weighed, and after deducting the 
weight "of the ^filter, as previously determined, the 
weight ofi, resin is found. 

Hineral Substances. — The anlfount of mimral matters 
present in a salnple of paper is ascertained % burning 
a klown * weight of it in a sma^ platinum crucible, 
t*aiW from the weight of \he »h calculating the per- 
centage ««5iitained in it. 

When pearl hardlning is suspected — and it can easily ' 



SOR INGREDIENTS. tyj 

DC (Jett'cti'd, owing*t{) the purity of the a^]i when com- 
pared w^lh the dull colouj- of china clay -the blow-iupc 
must be used with caution, as it (thevasl,?) is v^ry liable 
to be fused afid blown out 6f the crucible should it be 
'Vigorously fannech 

Owing to6he reduein^jption of the cai 4 )on, tl*.! ash 
from pearl hardening \fill contain a quantity ^of itf 
weight as talaium sulphite, and should be moistc'ned 

t* 

with sulf)hurie ^acid and again bucHed in order to# 
convert^the sulphite^ back to sulphate. 

WhAi calculating the percentage of pearl hardening 
carried by the pulp, it must })c tornc in*mind that, as 
the haiMitming when added to the engine contains# 2 
atoms of water, 136 parts of the ash are cqufl to l.lfe 
parts of the harSening as furnis|jed with the pulp. 


12 



CIIAPTE^l XV. 


mCOVERY OF SODA, 


Incineration.— At first a matter of compuIsioi\ ^wing 
'to the pollu/ion caij«ecl by running the spent lye 
from the boilings into the riv^f^be incmeration, 
^nd rec<2;very of the soda has, under the conditions 
pf working made possible by the improved forms of 
roasters now in use, tecome a source of profit to 'the 
paper-m^er.< 

Jhe idea in roasting the spent liquor is to*^ burrt up 
the non-cel'lulose substances which the soda has dis- 

‘ vl . ' . 

solved frohi the raw materials, and which are combined 
with it. 

The Porion roaster, owing to the simplicity of its 
construction, and the excellen^t results that can be 
obtained when it is properly manage^^ is the one, 
most psed int this country. As usually ^coij^^iructe^ 
it ^consiats of an evaporating chambei*^ in which. 

^•e is concentrated by c^he^ hedt from the 
their to the chimney ; a c<!tobustioii 
which serves the double purpo^ of retaudfljy|he> 
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heat and consuming the smoke; a pa« in which the 

incineration is conducted; and a suitable furnace to 

* ’ • * 

supply the heat on which the several stag^es ih tBe 
recovery defend. With this roaster all liquors Irom 
'■5*’ Twaddle can be profitably evaporated. 

The lye, as it conttis^ from the boiiers, store 
tanks, entets the evaporating chamber, wliich Js pro- 
vided with rapidly revolving fans, or splashers, * as 
they a|;e s'.inietimes termed. Those splashers dip 
into the lye, and, ns they revolve, throw up against 
^ the rot)f of the cffanibcr in a very fint; spray, through 
which the hot fumes froi.i,thc furnace*' and pan pass 
on their way to the chimney. This has the c^^ect 
of greatly increasing the evaporating surface, a^d 
thus liquors enilbring the chaml^cr at 6 ® or f Twaddle, 
leave it, on their way to the pan, ^qncentrated to 
35’ or .40®, 

^he greater the concentratiomof the l^;e on enter- 
ing the pan, the less w’ater remai«s to bc^ driven off, 
and thus the* roasting can be accomplished with ?l 
smaller consumption of coal. 

It is the practice in s 8 me mills to draw #ie charge 

s 6 ia from ithe pan 9nce every twelve hours, and 
whei^ Uiis '^ode of working is adopted the lye is 
aUowdfi- to** run from the evaporating Chamber to the 
pan in a continuous ^fiow for about se^en MburSj-eind 
nnly shut off about four hourf before the time for drallr- < 
ing. During the* timjji, thgjf the charge is tu^fiing off 
t^ji^oda' inust be well worked izf the pan, so that 
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it may he ptj.-fectly dry, and of^ft dull red cofoiir 
when drawn. 

It' oftqn happcps, especially when much rag lye 
has to be burned, that (he liquor becomes much 
reduced in strength, and taxes* the energip^of the^ 
roaster-men 'to the uttermost* to ,get tlie pan ready 
in tim^. When this is the tase, the damper ^liould 
be oiiened more than usual, and good dires kept up. 
iWhen, however,* the liquor is of the^ uyual strength, 
the dampq^ should be worked^ as much &!iut as 
possible consistent with complete combustion. In 
^ this way the tempefatu^c of the combustion and 
evafporating chambers is kept up, and the (.oncentra- 
tiin of the lye much more easily elTected. 

'■When burning olT,, special attention must be paid 
to having tlie damper well shut, otherwise a con- 
siderable f portion of the finest of* the soda^will be 
car’-ied into, the combustion chamber and on to the 
^ chimney. ^ 

By regulating the roasting so as to draw three 
charges in twenty-four hours, a better yield of soda in 
proportiof-. to the coal consu*med can be obtained, as 
by such a method the burning is c6nducted more 
rapidly, the proportion of soSa carried ^,vay by^the 
draught is mu\:h less, and 'thus the yiel^ int!reased. 
W(S*king*'in riiis way, 20 cwds. qf completely calcined 
soda, containing 45 per*' ceiTi. tofal alkali, can be 
obtained^ith a consumptitn ©f 25*cwts. of coal. 

The coal used |hould be as free from 
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possible, as any sulphur present comljines with* the 

snda jUid reduces* the yield of caustic in the subse- 

• • 

quent causticising process. Wliilc^ ilij cake, \uhic4i 
forms on tke lye in the* process of roasting, Aust 
■not be allowed to become hard, it should not be 
broken up too frequent^, or greater difijcultv, vill be 
expericncec> in keeping #up the heat. 

After di'avYing, the soda should be loosely laid 
down, in such a way that it may burn out without 
running together and fdrming a cake. In^about three 
days it sliould ITe turned nvrr, and in about eight 
or nine days will be ready to** the lixiviation tanks. 
The iCiigth of time for which it is allowed tq^ lie'' 
generally depends on how soon it is rcquir^id. 

Lixiviation. — The soda-dissolving tanks are generally 
three or four in number; and, indeed, to cgnduft the 
extraction of the soda in a satisfactory wa;j four oif five 
tanks^'arg necessary. The dissol^ng is conducted in 
much the same way as the washing of the grass in the 
steeper tanSs. When the soda has l^en put *in it is 
covered up with water, v^ich has previouslyjbeen used 
as a third wat^r. 

After th<* ‘Joda has oeen covered with this weak 
liquoi^ pumped from the wtak liquor taRk or allowed to 
flow from a charge which has been eMiauAed aiid is 
ready to be cleaned out, cletn water, generally heated, < 
though some prefer ,^p q|e cold, is turned -ox, which, 
aftej passing •through one, two, or three tanks^ ag- 
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cording to the* number of tanks emf)loyed, rises on to 
the fresh charge, and. passing through it, is run , to, the 
store tank as a<irst liquor. 

Tins extractidn may be ccmtinucd for tvventy-four to 
thirty hours, or even longer, according to the system* 
adopted and ^he strength of the recovered soda, and 
the 'liquor Should stand about 2® Twaddle when first 
run oft. This strength vCiil gradually become weaker, 
until it Reaches 23° Twaddle, when it is tqrned ^off, apd 
made to run-on to a fresh charge, which has been put 
into the tank, cleaned out in the interVal. ' 

* After running into tlv> fresh charge for some time it 
IS sj}ut off altogether, and steam turned on -td boil it 
fo^, ten to, .twelve hours, and the liquor, after allowing 
sufficient time for settling, run to the wtak liquor tank^ 
when tlie mud is lifted out and the fresh charge 
« furnished fp the tank. 

A(;other method of .extracting the soda is to cover it 
fwith the liquor taken from a third or fourth boiling, and 
boil it for twelve hours before running off. After 
running' off this^ strong liquor the tank is' again filled 
up from charge boiled for Vhe third time, and then 
boiled for other twelve hours, a,ud* the liqvor run off to 
the store tank, where it is mixed with the '•^’‘Qng liqgor. 
If the %oda is nU yet exhausted another liquor sday be 
takei«> off iefon: allowing the mud« to boil for two or 
cthfee days. 

This liquui may uC{}iui||^iu uic sturc 

considered strong enough, and, if not, iisfed to extWtfi;'; 
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‘fre^h charge. Wlv?n a fourth liq*iior is tgken off it* goes 
to the^vPeak store lank, and is used to cover the fresh 
charges* put in. 'I'he strong liquor obtained by, this 

• • t 

method will «tanu about yOk Twaddle, t 4 ie second aftout 
45“ Twaddle. 

A ii^sf and second Iiq«or are run off togeth^»- every 
day, and tlte strength* the lye in the stbre tank if 
maintained about 40“ Twaddle. In some nfllls ihe 
SQ^a is^ dissolved in circular iron t^iks, divided into 
two compartments by a •perforated iron partition. The 
recovered soda is* placed in one of the ^^isions, and 
after being covered up wiih wgak liquqr is boiled by 
means af a steam-pipe winch reaches almost to^the^ 
bottom of the tank. The agitation is further, increased 
by a bTastfof nit diawn in with the steam. The charge 
is boiled until it is quite exhausted, and then another 
quantity is put in,' the tan^ being cleaned out once or 
twMce during the week. 

After |he non-cellulose matters,^ extraciea from the, 
plant substarfccs during the boiling, liavc Seen burned 
up ill the r?)aster, the soda, owing to the oxygen and 
carbon which it has taken up during the calcination, 
and prior to that, du^ng the boiling, has become con- 
verted iiit9 cark.nate. The action of the water 

in iiit# lixdviatlpn tanks ^as simply# separated the 
sodium carbonate frotn the insoluble i^puaities;^nd 
‘ before the Jiquor thus j;^Dtaked raft be substituted rfor, 
: the. canstic sodaf*boyght jrom the chemitl m^nufac- 
it mu£t*be converted from carbonated to the 



1 84 f-'RACTICAL PAPER-^MAiaftG^ 

causfic state. ,Thc following equation shows how that 
chemical change is effected : — 

* « 

C.'irlion.ite of )i1a. < lf[ine water. Caustic soda. Carbonate of lime. 

ki.CO, + *‘c:a0 + ll,.0 <'= 2 Na()H +‘ CaCC), 

46 4> 12 + 4S + 40 + 16 + 2 + 16 -- 46 32 4- 2 + 40 -f- 12 + 48 ’ 

106 + » 56 + 18 St':? + ♦ Itf J 

K glance at the figures wilj' show that ^56 of 
linie are required to convert 106 parts*' of carbonate 
pf soda 'into the caustic state, and tha/- tjie aiPount,pf 
caustic pro(^l^iced from these quantities does nottvixceed 
80 parts. In actual practice the yie'ld of caustib soda 
k less than th^2 theore/ical quantity, owing to propor- 

I * ^ 

tionis retained in the lime mud. • 

Vin soma mills this causticising process is conducted 
iiv circular tanks, or l^oilers, fitted with agitators, to 
ensure the tho;*ough contact of the lime with the liquor 
to be'caus^icis^d. The liquor from the lixiviatipn store 
tanlr- is run into ther boiler and generally reduced to 
^between 20" and 22 « Twaddle. This reduction i^ ren- 
dered necessary owing to the fact that a strong solution 
of sodium carb9nate would react on the caustic first 
formed, aqd so retard the opei’btion. 

The boiler having been filled^ to thc*^ usual height, 
the steam is turned on, and tfie lime pu‘ jnio a sigall 
cage fitted to tfie side of tl^ boiler in suclra position 
that* the Mmefis immersed in the liquor. As the 
ce^tion proceeds the limb is^gradually taken up by 
the carbente acid of the carl^pnaA? of ^oda to form the 
Jijue carbonate, Icft^s the gediment in thh boiler, whil« 
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thie soda unites with the oxygen and J^ydrogen *ot the 
water to form caustic soda. 

To ascertain when the reaction has > been ^completed, 
and all tho soda prestnU as carbonaue converte(f into i 
caustic, a little of the liquor is lifted out, and, after 
allowing the lime co settle, is treated v^ith a solution 
of equal ptirts of sulphuric acid and watdr. ^ • 

If there hf any cffervcsLence, due to the fscape of 
carbonic acid stil’ uncombined v^th the jime, the 
reactivn is not complete. Either the lime added has 
not been siiflicidht to combine with all the carbonic 
acid present in the carbo-.ate , of soda, and more must 
be addcsd, or sufficient time has not been allow^^d to 
complete the reaction. Should no effervescence take 
place on* the aldition of the ^testing solution, all ^he, 
sodium carbonate has been converted into caustic soda. 

When the washing water from the boijfrs i« useeb 
to bring the liquor to the desired strength, mor^ lime 
will •req^iire to be added in orden^to combine with th« 
carbonic acid present in the washings ; and even then 
the caustic*! iquor will be apt to froth on beir% tested, ^ 
owing to the presence •of uncombined canonic acid. 
After the ri^ction is Jfinished the agitator should be 
sh^t out^a.n'^ the lime'>allowed to settle before the lye 
is d Aivn toff. 

About an hour is required for thisp; ai»d, aftqr the 
lye has been run to tl|^ taiiks from which the supply 
for the boiler is^ drajjj^jn, ^ic lime mud is tgaitt agitated 
boiled fot* ^bout ^ hour| whe» the liejuor obtainedf 
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after settling, is, also run to the store ^ank. The weak 
liquor* drained from the lime mud should be used to 
coBduft this sc<.ond extraction, uliich should stand 
aboutf^6° to 8" Tv. addle. 

Should a third liquor be taken /)iT it is better not 
to boil it, but only to bring it to boiling ooint,**and 
thru shut off the steam ; as \vhm boiled fot'^ the third 
timer the'^lime mud become^ pasty, and, in addition to 
retain ing'caustic, i^ difficult to drain. ^ 

By running up a boiler with the drainings frotri the 
lime, and allowing it to stand for abdut'twelvc to fffteen 
hours, a caustic solutioii standing about lo"' Twaddle 
can bp obtained. Before settling it should be allowed 
to mix for hour or so. 

, In order to oxidise the .sulphur comj'i'ounds, princi- 
pally the sodium sulphide, which have been formed 
by the' actipn of the sulphur contaiifcd in the coal, 
a strong current of air is sometimes blown into the 
boiler during the caus*^icising. In addition to o^n’dfting 
the sodium sulphide to sulphate, it has the effect of 
^oroducin^' a much more thorough agitation of the lime 
and the sodfi. ‘ 

When the causticising vessel, oonsists i«of the egg- 
shaped boiler, which is preferred by n?/yay.. 
makers, the agitation is maintained by means of* the 
steam*, (and air, when the air-blast is .employed) issuing . 
frnm'^small holes in an iron ' pi p§^ laid along the bottom 
of the boiler.^- Very mncH be^ter^ yesuhs ar€ 
be obtained whcn„ua’ng this ft?rm of boiler.. 
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Though the aluniinate and silicate (rf soda present 
in th« recovered liquor arc, to a large extent, decom- 
posed during the causticising proces^ a copsidtraMe 
' amount of jfcda is retained in combination with these 
Compounds, and thui rendered unavailable. * 

In caust’cising liquof obtained from the sqcnt lye 
in y^hich sft-aw has be»n boiled the loss aVising Irofh 
^ this cause is very consideiable, owing to tlfe large 
proportion of silica in combination with the soda. It, 
is claimed that by treating the recoverejjliquor with 
DicarUbnate of soSa, prior to causticising, the aluminate 
and silicate of soda are dccorposed, with the result 
*'that piactically the whole of the soda held in cegnbi- 
bination is set free, while the sodium sulphide is f!»sc 
'decomposed. 

The soda added as bicarbonate is , available, and as 
much ^ II per cent, of alkali can, it is saij, be •saved' 
by employing this method. I'iie plan recomm«ided 
by the advocates of this system is to boil the liquoi* 
to which the bicarbonate has been added fof a quarter 
or half an liour before adding the jjsual amount of 
lime. 

In' place of causticising by means of lime, ferric oxide 
m^ be use'* as a causticising agent. This process 
possesses a distinct advantage over th^Jime method in 
' that the caustic sohuion is obtained inta chneenthated 
form direct from Uie lijSliiatfbn tanks, 

- The |*ationalebf th*^ process consists in the expulsion 
acid frpraUe recovti*ed ash wSen fused 
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with ferric oxic^. The sodium ferrate thus formed js 
decomposed during the lixiviation witli the formdt[on of 
caustv’ soda sokition and ferric oxide, 'which is thus 
avail.Vble to causJcise a secoi^d charge of ssda ash. It 
will thus be seen that the ferric (jride, owing to this 
regeneration, is continuously availab>\ . ' ® 

cThis proebss, notwithstanding!: its advantages, is more 
suited tS the needs of the cb.cmical manufacturer Vhan 
to the retiuirementj; of the paper-maker. 

Multiple ^fects. — During recent 'years the priftciple 
of’ multiple effects, seep in its simplest form in the 
evaporator of the Porion ^type, has been made the 
basiB of several new systems of evaporation. The 
principle of multiple effects, as applied Iso evaporation, 
if dependent on the fact that the boiling point of a 
Ciquid os lowered in proportion as the pressure exerted 
on it^.surface is diminished. 

c This is the reasoi\.why the temperature recyiired to 
boil water at the top of a hill is less thati that found 
necessarj^ at the bottom, where the atmospheric pres- 
sure exerted on itn surface it greater than that to 
which it is subjected at the greaterrheight.i^ 

Under the normal atmosphere pressure of^i 47 lbs. 
per square inch,<ihe temperatiire at which mterc*boils 
is 2 }t^° Fakir. ;<Rnd by lowering the pressure in the 
Qjiartnber in which fhe cvaiporjtion is conducted, by 
means oL a «/acuum artificiajjjy ^roduted and main- 
tfiined^ a correspon^ng reduttion in the pumber^of 
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degrees of heat ,^.cccs?ary to effect tli^r conversion of 
th‘* IkjTn’d into steam can be effected. 

Thus under a vacuum of 5 inch£^ ■= Iba. pfcr 
square inclf of snrface pressure, the tenipcratufc at 
which water wil] b(Jl is 195“ Fahr. ; 10 inches viicuum 
represents Fahr.,* 15 inches 160° Fahr., and at 
inches •thf' teniperj^urc is reduced to* 150' l^alfr. 
The eflicienciy of the multiple effects evapofator is, 
however, largely dependent on another peculiarity^ 
conne..ted with tbe boiling of liquids-^namely, the 
utiliscftion of the latent heat contained in the vapour 
given off when water is coiiv'crted into steam. 

Eac/i ‘pound of water converted into stcaiy at 
atmospheric pressure absorbs 1,146 heat •units, *but 
about 9§5 of* these units liave been absorbed * in «. 

i * 

producing the molecular change from wgiter into steamy 
and wjjen the steam is again brought into (yntaft witff’* 
water at a lower temperature, it yields uj) these iatent 
heat'ViniAs, with the result that tl-» temperature of th# 
liquid in contact is raised; and if, as in the case of 
a vacuum evaporator, the surface pressure be*' lowered 
in the proper degree, it* becomes possible ^ raise the 
temperature «f the iftjytd by means of the latent heat 
to^he boiling point required under the lowered pressure, 
and ^aii? utilise tha latent heat of •the vapour thus 
produced to raise | further quantity «>f Ikjuor tnder 
a still lo^’er pressure Ho Iftiling-point 
In the multiple effcctsievaporator, the fapo«r from a 
liqaid boiliing under^ normal pressure is made to boil 
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a secbnd 'porti 9 n of tie liquid, the pr^'ssure upon the 
surfa'ce of which has been diminished by meat? of a 

f ( * 

vacuym j^ump. further reducing the resistance of 
the •{)ressure of- the surrounding atmospl¥£re a third 
portion of the liquid may be broiijjht to boiling point/ 
Thus it will, be seen that the ndmber effects is 
di?lil*ndent 6n the vacuum which can be obtdfined in the 
evaporaVors. ^ 

In thd system hnown as the Yaryan^ the spent lyes 
are made to flow through a s^sten) of pipes inclosed 
in an.egg-sfiaped boiler or shell, into^wbich, the «team, 
fer conducting the evaporation is led/*‘^As the liquor 
Hows through the pipes, it is conceptrated by^tlve heat 
from the s^eam playing round them ; and at the end of 
eaph effect it is made to flow into a sf^ecial'thamber/ 
in which the separation of the concentrated lye arid 
tihe steam prodaced by the concentration is effected, 

Oif leaving the separator, the liquor and steam are 
, conducted through separate pipes to the next ^ect^; in 
which the former is, through the agency bf the latter, 
still further concentrated. 

In a quadruple-(^ect evapoBator the steam pressure 
is maintained at 20 lbs. per square inch in the iirst 
effect, by means of steam supplied dir^t from ^he 
steam boilers. iThe steam f):om the separator of 
effect; entera thf; second effect at a pressure of ilM£' 
iJer* square inch, and aftei^effijj^ting the conce9(™ioii, 
passes t^ the third effec^, a^a pfessure pif 5 lbs. 
To carry out the ^ncentratfon with thiis pressure 
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Vacuum of 17 in^'^qual to about 8^ Ib^ is maintaineJ. 

ln,t!ie fourth effect the vacuum is further increased 

• • • 

to about 24 in. With the appar^tu^* desepibed^ l^bs 
cnteiing th^ hrst effect at from 8° to 10° 'I'waddfe are 
concentrated tc between 40® and 44° on issuing from 
the last effect. 

^^Apart ctitogether frejn the expense connected with 
the fitting ly) and upkeep of such a system as the 
Yaryati, it is very doubtful if it can ^old its own wh^n 
comp"*red with the evaporator of the^orion type. 
Witb the latter, ifqubrs standing from S'"' to 10'’ Twaddle 
can, under the ordinary conditions of working, be con- 
centra led to 40®. 

Anothe*' serious drawback connected with*the Yai^an 
is the difficult^ experienced ii”^ cleaning out the tubes, 
"fhe deposit which gathers on the inside of the tub^ 
is so extremely hard that it can only ^be jjpmo^ed 
means of long and tedious scraping, 

V<;ry^ood results are said to i)e obtained from thi 
Chapman an*d Faw’cett multiple effect evaporator, which 
is somewhat similar in principle to the Yaryan. It is 
capable of dealing with liquors tat froq| 2® to 4' 
Twaddle, ai^ of eoijcentrating them to from 44' 
tb^46® vjitlupconomieal results. 

* InViie Gaunt multiple effect eva^rator, which h 
largely usecT in Ajucricari mills for ihe ^vapoftitior 
of soda liquors ^from^jirooi pulp ’boiling the lii^ow 
jare made^o floi^ ovti^a series of pipes flirough whid 
steam is*conducted, tnd to liability to choking up 
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whicii is such ^ drawback to the systems in wliich the 
concentrated liquors flow through the pipes, 'isi thus 
obviated. 

TlVe first cfTcdt is usually «»supplied witlf live steam 
iindcropressure, and the steam gi\jf:n ofl' by the liquor*' 
in contact wi^li the heated tubls is led to ‘he second 
efife&t, and ‘’utilised to further ‘concentrate* the liqii()r 
from wllich it has been driven off in the first effect. 

^ As in' the Yaryan, the number of effects crpploycd 
depends on the density and volume of the liqu^ars to 
be dealt with, and the fact that it becomes difficult 
to* maintain a circulation when tliQ liquor reaches the 
rieig|;ibourhood of 40'’ Fahr. 

yhe Scott Multiple Efect. — In prinA'ple, be Scott 
wiicovery plant varies little from the other well-known 
■^pes, ‘'quadruple effect being the usual form^pf in- 
stallation, although other numbers of effects are installed 
recording to the steafi supply available and thet- voTUme 
of liquor to be treated. 

The hbating surface is arranged in senes 01 in. 
and 4 in. tijbes,.a number of S in. tubes being placed 
round each 4 in. tube, so that fhe latter may draw 
down from the top of the parf the liquor which *43 
been thrown inrf» it by the c in. tubes. Tlffe number 
of 2 in. tubes isi generally about fifty to one 4 in. tube, 

- bwt this varies according to ttie lAimbej* of effects. 

The repsult*^of this arrangomep^lp is *that fhe liquor 
travels so rapidly over the heating surface*-while «at 



>93 


5c07T multiple effect. 

» * 

the same time keeping the tub^s full liquor~lhat 
deposition on the*^ tubes is reduced to a* minimunf, and 
they rdtjuire ccmparativlly little clcanirg. 

Other things Lei,ig equ|il, this fried )m from lia&ility 
to choke up i« a very valuable feature, as the 
cleaniiig and replacing* of choked tubes is a very 
considerable item m Ib^ cost of upkeep o? a nuKIpie 
eltoct evaporator. * 

In comparing the results obtained from dilTcren^t ^ 
forms 'eva*pofators and roasters, the strength and 
uniforpiity of the* lyes are too often overlooked, and 
consequently a false opinion of the merits of the 
system*’' compared is obtained. For instance, a roaster 
working when only the first liquors and washings Are 
ovapotateil will^show much better results than couji 
b'i obtained from the same form of roasbT wlien tw(^ 
washings have to be burned. 

lAgai?P, when a considerable quantity ot rag ly^ has 
to b^ evaporated, especially if it^be froHi the better^ 
grades, the%mount of coal consumed will be much 
larger in preportion to the turnout of soda, tha.i would 
be the case in roasting ^n equal qj^ahtity of lye from 
esparto or straw. 

Rotary Furnace. -Durieg recent years 
the^ introduefion of the Warren rotajy fj^rnace^has 
made it 'possible to®effe:t tie inciileration of the aonj 
^ centrated liquoru mqje eyeditiously, and#tvitl^ greater 
fecbnbmyi than is possible with th^ furnace or pan of 



194 Practical j>APERM^iKi^c. 

the l^onoii type. Its pierits were-*ciiiickly recognised 
in American mills, with the result that it ha? h^cn 
Kirgttly introduced in conjunction with multiple effect 
evaporators. 

The fire-box, which is of the usup, 1 type, is so arranged 
that it can be drawn forwardo to allow of easy access 
toThe fur/iace proper. 

The' furnace consists of a cast iron, casing iineu 
with firebricks, wmilar to the rotary ^ilns .psed in 
cement manufacture, being conical in shape, with the 
larger end towards the fire-box. The rotary -move- 
Hient is obtained by means of woriji-and-screw gearing, 
'wh^:h drives the wheels into which work two iron 
rafis fixed round the outside of the furnace. 

vBy a very ingenious arrangement the throat of the 
(furnace is protected by a w^ater-Jacket, which, howevbr, 
Is filled v-i^ith ' liquor from the feed tank, and by a 
suit5.ble arrangement*. of pipes the concentrated liquor 
(.is driven ujpwards on becoming heated, ^nch replaced 
by a continuous flow of cooler liquorl The liquor 
already' concentrated to about 40'* 7 ' waddle is run into 
the end oj* the furnace farthe‘st from the fire-box, and, 
coming into contact with the flames, is af once ignited, ^ 
and before, it has reached the ‘lower esd tbe organic 
matters -are cohipletely burnt up, with thetresuit that 
the^black 2.sh v:hich drops out in^a continuous stream 
Trotm the opening under the ri^btecting jacket is ready 
for the Tixiviator. 
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TESTING dp CHEMICAIS.-^TESTING WATER FOR 
IMPURITIES. * 

Caustic and Eecovered Soda. — The amount of actual 
■'soda (NagO) preseiit in causer and recovered soda is 
determined by means of the reaction with a solption 
of standard sulphuric acid. This standard or normal 
solution* of sifiphuric acid m^ay be prepared in dtne* 
ibllowing manner. .. • 

^Strj^g sulphuric acid is diluted with ^watft' in*U 
porcelain basin until the solution stands at:i|Jt 6® 
TwaddW. ^ After the acid an(l water have bee* 
thoroughly mixed together, a suhicient quantity is 
withdrawn* to fill a 50 c.c, burette to the zero mark.^ 
To ascertain .if this solution is nofmal r<^ grams of 
pure dried sodium tasbonate are dissolved in boiling 
VigLier iiv a jmall flasfk, and coloured with a few drops 
of litmus. ‘ The acid solutjpn is then alibwed to flow into 
this soda solution until the blue colouriis discharged. 

As the acid is being, ru# in, the flask^ should from 
time to time be*shal<i?n with a circular nfbtioi? so as to 
ensure thit* the point when theceaction is complete 
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may 6e the more quickly determkppd. When the 
solution in the flask begins to take on a slightly' purple 
tiftge die flow shtuild be checked until il: merely drops 
slowfy, and the flask gently shaken until the appearance 
of a f&int violet colour shows that.ithe soda originally ■ 
present il^ neutralised by the acid, wneri the cock should 
bt? shut, and the number of cx. >un oflf careftilly noted^ 

To en'ture that the dischiirging of the b.lue colour is 
^npt due to the carbonic acid present in the soda 
solution, thq^flask should be placed above a Runsen 
burner and the contents boiled for a few minutes, 'when 
inwall likelihood* the blu^‘ colour wilk be restored, owing 
to the expulsion of carbonic acid. 

I^lore of<the acid must then be added, drop by drop, 
undl the red colour is permanent after foiling, If the 
solution is norgial exactly 20 cx, will be required to do 
Chls, ^hoyld i?iore be necessary it ‘.is too weak, 
morcfof the strong acid will require t<i be added to the 
contents of the baspn and vigorouslir stjrred before 
another quantity for testing is withdrawn. 

Should less than 20 c.c, be sufficient to complete the 
reaction, mpre watef will requiffe to be added to bring it, 
to the desired strength, which ^m&y not be arrived at 
until several testings have bebrr made. ^ For greater 
accuracy 2*12 gfams may be* taken, and in ‘’that case 
40 9 c, w:M h*; required to turp the lit:,iius red 
perAanently after boiling. 

When‘ the Solution has bom f-lj. oug'ht to tllHS exact , 
strength Jt should be translerred to a" l«irge\ wide-* 
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mouthed, \vell-s,t<^pcred bottle' which^ should then 6e 
hhelied Standard Sulphuric Acid i c.c. = *03 Ingram 
NajO.'’’ 

To carryK)ut the actuaitest a sThall quantity-^about ■ 
■''2 grams is ? convenient amount— of an average 
sample cf the soda to«be tested is accuratelf^ weighed 

out and boiled with vwter in a flask unfcH a’^ tliStais 

• • • 

soluble is dissolved. Whc.x testing recovered®soda the 
sarnpl^shoujld be reduced to po\vler, by passing^it^ 
through *a small coffee grinder, so that the portion 
weighed out ma/b? as uniforiTi as possible; and, after 
boiling, the content^ of the flask shouM be poured ^ofi 
to a filter, and the insoluble portion well wasliec^ thfe 
wasljings being run into the flask containing*thc filtfatc, 

tEc ^blutio* in the flask is then coloured wil^ a, 
'Aw drops of litmus, and treated with the standard 
l^lphuric acid solution, in the same wa^ aa wh«u;' 
testing^he standard acid, until 4 is turned permajently’ 
redf'aftir foiling. The number of c.c. required 1 ^ 
accomplish tliis is multiplied by ’031 ; the result is then 
multiplied ^y 100 and divided by tl.e weight of soda, 
taken, in order to give liie percentage of total alkali. 

Lxample.-j 2 gram* qf recovered soda were accurately 
wjighedjout find dis^:/ed with water, in a small glass 
flask^ until all the solub^ portion vMs extracted. A 
few drops oTf litmus were added to tl^ clqar solution, 
and then the stah(Ja*d acidtun in, until ihe blue ciriour 
was discharged* 

Jhe contents of the fl^sk were^hen boiled and the 
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bfue colour re^,orcd, owing to the f^xpulsion of tfee 

carbonic acid. The addition of a small quan'cify ^of 

th^ afid r^olutiopi again discharged the? blue colour, 

and hie red tiirc was permanent after bailing for a 

few minutes. Exactly 29 ex, of th^ acid had'l^een run 

off ; accoftlingly — * 

\ 

< ' * 

2^ X *031 = -899 X 100 “ 89-9 V 2 = 44 '95 per cent. 

By weighing out 3‘i grams of the soda, this calcula- 
tion may b^^ dispensed with, As the number Qf cx, 
required indicate the percentage. ' ' o 

When testing caustic soda f9r total alkali the 
weigfung must be conducted as expeditious!} as 
possible, akj the soda in the caustic form is highly 
deliquescent. A good plan is to place-ilhe pitce to be' 
weighed in a small glass beaker, the weight of whicH 
*i«.s already beon accurately determined ; the increSafe 
reprefsents the weight, of soda taken. 

It is better to select an average sample., wtich will 
be near the weight usually taken, than t6 attempt to 
weigh oilt a stated quantity, as the time taken before 
the weight can be brought <to the proper amount 
allows of a considerable absorption, botl^ of ‘moisture 
and carbonic acid, from the surrounding ^atmpsphere, 
As the caustit’ burns the, fingers when handlM, a 
smalt pair cf brfiss forceps or tongs should always be 
used^ to lift the pieces wh^n vj;ehg{iin|. 

-height of beaker, 5® grams; weight 
of beaker and caustic*, 23 80 grams; weight^pf caustic, 
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1*^5 grams. j c.c. of stantkrd acid wei^ re^iiirad 
to neutralj^se complctel3\ 

■g<)}i2*y 100 .00 . 

32'2 X -031 = r^" 6884 percent. N«p. 

• * 

V. The different grades of caustic soda met with in the 
• • 
ma.*! are classed jccyding to the peroentage of actual 

soda — Na.jf) — whith the5^ contain. The Jpwc^i gia^e 

Ts de^gnated by the lugg^stive name of “liottcms,” 

and usua^I}^ contains about 55 per cent, total alkali. 

ft is^ 30 *name 3 , owing to the fact that it is obtained 

fromjhe residue«leA at the bottom of th^*|^ar in which 

the concentration has been conducted, and therefore 

contaifis a much larger pi^pohion of iinpurities thai 

• the other grades, The impurities consis^ mainV of 

iron* aTwl imp|rt to it a brown colour. 

The two forms of 60 per ceflt. soda are named creajn 
■ird white respectively, owing to tl^e charagteris^^* 
cfeani Vlour of the former. The white, caustic is ob- 
taiiied by prolonging the concentrationP until ^1 the 

ti 0^ 0 ^ 

moisture is .driven off, and then fi'sing ^ith nitre, in^ 
order to remove the impurities which are the^source of 
the creamy colour. 1 ^is concentj^afton has the effeef 
of increasing* the percentage of soda, and*ln order to 
bring it^bdtk to^the ^^*;sired strength it is treated with 
sodium <jiloride (common salt). 

The grades which prelent the greatest freedoi^from 
impurities, togeth^l* n^thtthe highest percentage of 
total alkali, aroThoje sold as 70 and 77*per cent. ; but^ 
notwithstanding the higR degree of purity and conden- 
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sation*' arrived in tliose grades, tbe^v usually contain 
a sm^il portion of their bulk in the carbonaUd sta|e.^ 

^In ^ll pFobability the cost of caustic soda will, within 
a coif/paratively thoh space of time, be greyly reduced, 
and with it a corresponding reduep’on in the "price of< 
bleaching pow;der will doubtless' take place. This may 
hr bonfidenl'ly expected, owing* to tW introduction .of 
the slecfi Olytic manufacture of alkali. 

It has' been estimated from the resujts^ obtained by 
the recently, fitted-up plant, in connection witH M/^ssrs, 
Holland and Richardson's electrolyfic soda process, 
that, worked on a large scale, i ton, of caustic soda and 
djf tpns of bleach can be ^produced at a cost ^o the 
consumer of about ;fiS. 

Compared with £g per ton for blcachkig ponder and ' 

ajbout £iq per ton for 70 percent, caustic, which priced 

iftre cue-rent and likely to remain so under the ‘CRi 

meth9ds of manufacture, the advantage to tire coh- 
, * 

Vimer is enormous. 

Alum.—Before proceeding to determine the amount 
of alumina contained in a sample of alum^ the water of 
crystallisation with which it is eombinefl must first 
be driven off. This is accomplished by placing ^ 
small quantity of' the sample ^n a porcelain basin, *^and 
evaparatingf ovef the water-bath until the weight is 
constant. 

To detcrmfK.e the amount, .of alutirttiai about ..one 
gram of the sample (jtreated al> descril^d 1s^ dissolved 
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w^h hot water iV«a porcelain d?sh. small qimntit^ 
of amjrfbnium cliloride solution, together with a Slight 
excess*of ammonia, is now added, and^the whpte Jpoilad 
gently until# the aliiminajias bee# pi scipi fated. •" The 
contents of the di^h arc then poured on to a filter and 
well ^^^ashod with hot viatcr, after whicli* thft precipitate 
Unplaced :n a platinym crucible, whiclii* hai 
previously weighed, and I.'^atcd ovei^the Wowpipe 
flame, in order to expel the water stiH retained. After 
' Cooling the crucible i^ again W’eighed ; the increase 
repreasnts the amSuift of alumina present in*the sample. 

The presence of ij^on may be detected by treating a 
small qurmtity of the alum tc^be tested wdth an exce|s o? 
•pure^austic potash. The alum, or sulphate ^)f alum'Ina, 
is diss(3Wd in fcot water, and when brought to boiling 
p'cint the caustic potash is acfded, and the ebullition 
up for a fcjw minutes. Should iron be prcisent^’ 
wSl sepVate out as a brown flo<yulent precipitate, 

AnticMor.-^The actual amount of hyposulphite of 
soda preseftt in the commercial article is determined 
by means of the reactwn with. a^Sution of iodine.' 
The iodine^ solutioii , is prepared by ^dissolving 
127 grjyns of pure«i«dine in a small quantity of 
watef, in .which about grams of potassium iodide 
have already been dissolved. The water n^^st behold, 
.and as soon as SijJ 1h\; tioc^e has gone into solukioq, 
the ffask should* be^llejJ to the litre mAk. , 

. one jifre contains *1000 c,c*^i c.c, of a*solution 
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jA'epared m this way^is equal to ‘£>248 gram of the 
crystallised hyfjosulphite of soda, or 0158 giam of 
the anhy^drous ..salt, and theVefore the solufion is 
said to be deci-n/^rmal. In ^rder to render the point 
where^ the reaction has been completed the more# 
easily determined, a small quartity of starch ^diution 
i^ usually added to the diss 61 \{pd Hyposulphite before 
runningf in the iodine sohition. The starch solution 
is prepared by dissolving about i gram of powdered 
'starch in about 200 c.c. of ‘water, and decanting 
into a small ‘stoppered bottle. 

Jhe additioq of a small quantity of glycerine to 
rtie clear solution thus Obtained helps to , keep it 
fresli for ^ greater length of time; but as it can be- 
prepared without difficulty, it is betj;f?r to •'make a*' 
ffesh supply each time* a test has to be made. 
i^^To parry out; the actual testing, 2^4*8 grams 
crystaliiseef hyposulphite are accurately WTig^e*d ofit, 
jpd having Seen dissolved in hot water, are trans- 
ferred to a Mitre flask, which is then filled to the 
mark. ^\fter shaking the flask well, 160 c.c, are 
Withdrawn, by Aq^ns of a pipette, and run into a 
small flaskj to the contents of which a small® quantity 
of the starch solution is then added. Frphi a burette 

O • 

already 'filled with the iodine solution, the^dissblved 
hypc^sulphite in the flask is treated untirthe charac- 
tgrisktic blue colour, resulting iffoA ^the action of the 
iodine OQ thSb starch, is no l^pngqj; discharged. ^ 

When this pointers reacheef the iodine has (Je- 
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coQiposed the ^vyiole of the hyposulphite, and iS 
now prt-seiat in excess. Wl\en ^lie hnal poiitt in 
the reaction «s nearljr reached, ti^ cocjj * of the 
burette shoiild be closed jo as to ftrf it of the iou'hne 
solution entering th^e ilask drop by drop, oth^wise 
the actual percentage «nay be over-esCimated. 1 he 
number oi'C.c. of tne icyliue required to n«MtralIijO fhp 
hyposulphite indicate tfie percentage amount^of ^he 
latter present in the sample. 

*Whf;n testing sodiutn sulphite, 6'3 giams of the 
anhydrous salt v^ill ‘require to be weiglic^ out, after 
which the operatioij is conducted as in the case M 
the hyposulphite. 

• 

Ble^ohing Powder. —The amount of availalSe chlorine 
present in bleaJliing powder i!i usually ascertained by 
njeans of a dcci-normal solution of arsenious acief!^ 
Tbp asr^iious acid solution is prepared bj^dis^olviiil; 
4 ’ 9 S grams of pure sublimed ar?enious a^id (freeTfrom 
arsenic ^IpPliMe), to w hich about 2, f grams gecrystallisetf 
sodium carbonate (free from sodium sulphide, sulphite 
or hyposulphite) Iiave been added, ^by boiling with 
water in a flask, and* then diluting with wat^ to i litre. 
As I equivait-ftit of afse^iious acid is equal to 4 equiva- 
lents j)f Alo: 1 ije, I c.* of this solution is, according to 
the folio wifin^alculation,e(fual to'00355gram chlorine 

AS3O3 : AsgOj ; ; 

198 4 95. 35*5 X =»I42 3’55 grams chlorine. 

Each, of the iO( 3 o r.()r coii^ained in the litre thus eauals 
•ocyss gramthlorine. 
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^ In 'order to ^prevent any alterati#*r^ in the solution 
through the action of the atmosphere, it. sht)i^ld be 
poured to siTifll stoppered l)ottles aifd kept*corked 
until*- required. « • , »■ 

To. prepare the sample of bleaching powder for test-* 
ing, 3 ‘5 5 grants are accurately weighed out, tubbed 
ir.tt) a thin cream with water In, a porcelain mortar, and 
transfert'Cd to a 500 c.c. flask, which is then nlled to 
the mark. The fl§sk is then well shaken, and 50 c,c. of 
the turbid solution withdrawn," and run into small 
beaker, w Inch is then placed belovf tite burette, ajreajy 
filled to the zero mark with the ars^enious acid solution. 

*' The contents of the bearer are constantly stirred by 
me^fns of .a glass rod, while the arsenious a^id is‘ 

^ running in, and from time to time a^-drop ‘irorn the* 
beaker is lifted out witli this rod and placed on a little* 
^ the.potassiurn iodide and starch solution, whichr 3 iC» 
been^spread over a poijcelain slab. 

^ So long a& any ^f the hypochlorite remaiqs unde- 
composed by the arsenious acid, a blue stain, owing to 
the chlorine still present setting free the io'dine in the 
'’potassium iodide* tp combine fvith the starch, will be 
produced but whenever all tl\e ©xygen the hypo- 
chlorite has, been taken up by arsenjpus ^cid, and 
the chlorine setr free to conjbine with the falciifm as 
calcVim ch^oride, the blue slain yvill no lolfger be pr-oT<:| 
(juced. The number of (:.v. rlcfufr^Mo complete the'^^ 
reaction <repi*# 3 ent the percen^ageapf atlailable cHlprinC' ■ 
present in the sample, usually "about 35 p"er cent* 
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Jhe percentagf#^ available cfilorine ^present ifi thS 
blegclyil^ liquor, or in the drainings from* the bleacfting- 
house presses ‘and tanlis, can be de#ermin<>d iy the 
same way, a» each c.c. of t(je arsenicAis i cid used equals 
00355 of chlorine, as before stated. , 

Should it be suspected that the lime* mud contains 
chlorine, a ^mall portion of it should be stiwed up wft!» 
/water to a fixed specific gravit}', and then te 5 te(> in >he 
same as^the bleaching powder.. In this way the 
amount of chlorine retained by the mud frop different 
makestcan be at ofice*determined by comparison. 


Several useful Tables may’' be given here 

^(ABLE^t^hS^iNG Percentage Amount of Sowa (Na^O) in Aoueols 
Solutions of various] Si'ecific GitAvifiES at i5®C (TuNNEUMANf 



^^cenl. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Spigr. 

Per ccr^ 

r-^28^ 

30-220 

r3 198 

22*363 

I -2392 

15*110 

•1*1042 

f 253 

1 * 4*93 


1*3143 

21*894 

1 *2280 

•14*500 

VO948 

6-648' 

1*4 loi 

29-011 

1*3125 

21758 

1-2178 

> 3 ’ 9 o> 

1-0855^ 

6-044 

I *401 1 

28*407 

1*3053 

21*154 

1*2058 

13 -io; 

I -0764 

5*440 

1*3923 

27*802 

I *2982 

20-5^0 

1*1948 

ig'692 

I'o675 

4-835 

1*3836 

27*200 

*1*2912 

iSWS 

1*1841 

12-0S8 

i*c ^87 

4*231 

1*3751 

a 6 -S 9 v' 

'1-2843 

19J41 

1*1734 

1 1 *484 

1*0500 

3*626 


25*989 

•‘•2775 

18-730 

1*1630 

10*879 

1*0414 

3*022 

1*3586 

^ 5 * 3^1 

1*2708 

■ 8 -i 3 ?| 

1*1528 

10-2^ 

10330 

2 418 

1*3505 

24 * 7 ao 

I *2642 

17-528 

1*1428 

9 - 67 g 

1*^46 

iiBi3 

I'3426. 

24*176 

1 - 2 ^ 


#■1330 

9*066 

1-0163 

i-#09^ 

V3349 

* 3*572 

r»?i 5 


1*1233 

8*462 

jrooSi 

* • 

0-604 

1 * 3*73 

22*967 

, 1-2453 

0 ' 7 ij 

1*1137 

7-857 

1*0040 

0*302 
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■Jadle srtowjNG Pr^rcNTAc.i: Amgunt'of Caitsti* Soda ii^Aoulous 

r • 

f SoLuiioNb v,\«ious Snxiric Guaviiies I5®C. 


‘pccific (.ira\ ity. 

- ^ i 

.Pc/ cent. NaHO. j 

j Specihc*Gr:ivity. 

1 Per cc;i# NallO. 

1-059 *' 

yjt'S 

“5' 1 

10 r. 1 

r». r 

! / I4’^7 

1 I -488 

* ,4° 

45 

riy> 

‘5 1 

; 1-540 

5*^ 

1-225 

* 20 j 

, , ‘-Sol • 

/ ^ 55 

1-332 

; 25 i 

; 30 1 

: »-(H3 

1 I'oqs*' ! 

•to 

i-3«4 

35 ! 

1 I7v^ 

70 


Fabie (based os Richters) showing Percentage Amount )F 

j {joDA (Na.,^) in Lyes of various Dlorles Twaddle, 

r. ^ • 


€ 

Degrees Twadd!?*. 

Per cent. NajO. j 

Degrees Twaddle. 

Per ccr‘. Na.iO. 

.. f • 

f 

4 

207 

44 

20-66 

» 

402 

48 

' 22-58 

12 

‘ ^5-89 

52 

24*47 

(1 

7-69 

.56 « 

26-33 

20 

9*43 

f *60 ( 

J 28- 16 

24 

irio 

•• e ^4 g , 

*' , 29-96 

2S 

^ I2-8l 

68 

3 ii ^7 

32 

14-73 

1 70 

, 32-40 

36 , 

, '^'73 J 

72 

sWb 33-08 

1 40 

1871 «.| 

(, ‘ «/6 • 

i 

34:41 
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showing SjfKr#t.rH of Sou tions of Alum^ ky Sh'Ecirfc 
G^?avity O’l) DtGuiF-s Tw^vddli: at ?7‘5^'C. 


Specific Grji\ It}'. 

« 1 

1 Degrees J'w dJIe. 

« 

* Ho ? cent# 

•K,AJ,(S /^), + 74 ^ 1 . 0 . 

1 -cu^s 

>' 3 t> 

I 

• ^■0110 

2 20 

2 


1 330 

3 

I 02A 

436 

4 

^2-0269 


f> 

10320 • 

6 40 

% 


j -A--* j * . - - «-• 

To%convert d^grJes Twaddle to specific gravity, 
multiply by 5, add^ 1000, and divide by 1000. To 
converts specific gravity to tiegrees Twaddle, multiply 
•by ijjoo, subtract 1000, and divide by 5.* 

t Testing Water for Impurities.-- To detect the prestnop 
8!^ the salts whith cause water to bfi hard, g litj^s* 
wliite s'^p, dissolved in alcohcj, should be add^d to 
it. •!! ^ai^^the ^ter will at cyjice assume a milk^ 
appearance, Vhile, if it is soft, no change will be 
observed. * 

Magnesia ^lay be^ detected by tlK^white precipitate’ 
formed small "qi^antity of carbonate of ammonia 

aijd pho^hatf of sociaf-are added to a portion of the 
w’ate^whish has been brought to the btiling point 

Soluble^lphates or free sulphuric ^acic^ are t«ted 
for by adding a *sinall*(Juaiftity of barium chloride^ sl% 
should either bt prgeenl^ a precipitate of barium sul- 
phate, insoluble in nitric flcid, will |t once be formed. 
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Carbonic acid may* be detected fbj;„ the white pre- 
cipitMe of carbonate of lime formed when, lime water 
is addei /o the »vater containin'g it. 

To detect sub'hiK- compou;ids a little m«rcury should 
be pijt into a bottle containing th^e water and allowed 
to stand corked 'up for some #timc. It there ^re an} 
jiifch compounds present thd ipcrcitry will, have taker 
oma d»rk colour, and on shaking will assume & silver- 

grey colour. . . , , 

' The presence of iron in wtiter may be afscejtainec 
by pouring a^few drops of tinctifre ^^f nutgalls^into i 
small quantity .of the water contained in a glass vessel 
'Should iron be present ^ dark grey or blach colou 
wifi be at pnee produced. The depth of the c^ration 
depends on the amount of iron present; tlie greater 
fhe quantity contained Ihe more intense is the shade. <? 

' , Soluble lime, impurities may be detected by the 
turbidity produced on the addition of oq^ or fwo 
crystals of dkalic a^cid to the water. 
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ALE^NT WEIGHTS SIZES- OF PRINTING PAPERS. 



Foolscap . . ^ 3 jxi 64 | Royal . . . f 9 x 24 Kephant . .1. '3 x 28 ColomKjcr . , 23^x34; 

Demy . . . I5|x20 Super Ro'wal . 19^ x 27^ Double Elephant 26^ x 40 ^ntiquarian. . 3 * 53 

'Medium. . . igi x 22^ Imperial . . Q2 X30J Atlas. . . . 26| x 34 .Veb. . 60 inches wi<!« 
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Foolscap 
Demy 
j Royal 


bizes of Cartridge Paperi 


. 14 X i 82 
• 173 2?^ 

^ . 19 ><24 


Super Uoy^l 
Imperial . > 
Elephant . 


. 2£) X 26 
. 23 X 28 


SLes <>( Lined Pajiers. 


Pinched %>r 8 vo . 

. Expansion by in 

fnr ^vo^ . , 

u *5.i » 

.,Lai^ Post fur 8 ”’o ) , 

• H j „ 

Large Post forft^tu# , , 

. .f 203 „ 

l-aid Large Post for 410 , 

» n tt fi 


Vfidous Calculations relating to Weight of JEleams '^d 
Webs. 

I, Given sample of paper, to fiiid weight of web 100 ya^s 
^y .,^0 inches wide, made to same substance. First find 

square* inches in sample, weigh it, and frohi result SbtaifTed 
calculate weight of square inches in*web. 

ffxamlKe9^~\ ’i^2'' x 2" = 8-44" in sample^hicli weighs 25 2 grain. 
Square inches hi web = 216,000. 

«i 4 '?i 8 = 52-,3,Jbs. avoir. 

8-44 ,7000 

II. From qiymple of"^aper given find variation in weight of 
r|ain of Tp” x 480 sh" -ts of which ought to weigh 30 lbs. 

Prfcecd aj in the pteviwus example, finding the final result 
from the square inches in rdim. 

177*2 inches in sample, whictf weighs*i3575 

grains, square inch* ^ In reaif^ of lo" x 30'^, 480 sheets, 288,ooclf 
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III. fin(^ weight of relkm 20 , ^(U ^;eis, equivaicijt 

in substance to 5i^*mch webf two yards of which wcij^^h*! lb. 

* % * * 

j yards x 3^" x 54"=^ 3^88 square inches : 20" x 30^' x 4S0 = 288,000 
• E*iuarc inches in ream ; 

Uierefore = 74*07 lbs. per ream of 20" x 30", 4^0 slicrls 

3888 

IV. To find nymber of reams, of ^given size, iniveb of any 
git’efj numbetfof yards, multiply tVe yards (incinches) bj^ 
number o£ sheets in breadth /)f \feb ; divide result ^y tne^ 
draw; thei;n divide number of sheets thus obChined by Uie 
f umber of sheets in the ream. 

web 1900 yards 60 inches broad, to find ftBmber 
of reams of 15 J" x 20", 480 sheets. 

I3,2|8 +^480 = 27^ms. II qrs. 7 sheets. 


Sati, for ascertaining th6«Number of Galons of Caustic 
fjiquor required to give the Number of Pounds of Na,0^ 
iL-cesaaiy ^or a# Boiling. 

To fild the faqtor, multiply the number of gallons per inch 
oftfank by 0518 for 6o<per cent., *0444 for 70 ^i^eiit., Ihd 
>*04036 for 77 per cent, caustic. • 

To find tbe number of inches necessary to give *1110 desired 
^ount of soda, miltiply the number of c.c. of standard 
acid required to neutrllise 10 c.c. of thfi soda solution by the 
factor, and divide the pounds of sodc^rdtjuired bj^the* result. 
ExampU . — Capacity of tank = too gall^^ per inch. 

Amount of soda required = 800 lbs., 70 per cent, caustic (Na,( 3 ). 

100 X *0444 = 4'44 = factor. 

Nutql^er ot c.c. standard acid re 4 |riire| ^o^eufralise xo cx..soda 

Elution = 12*5. , 

12*5 X 4 * 4 f = 55 *S ; 800 + 55-5 = I 4 ’ 4 lc i^uiBber of inches neceftary 
to give 800 lbs, 70 pe ceat^ caustic. 
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Table sho^g the Strength of BleacjjfAug Powd£: SKlations, 
based on Limge and Bachofen’s Sp. Gr. Table. 


g;iecs Twaddle 
at IS® G 

Av..‘ 1 able Clil i"u 
ingianis ft'i i.tro. 

• 

Degrees Twaddll ’Available CWorinc 
at is"* C *|fti giflult. per li#e. 

, 23-10 • 

71*79 

12 00 

’35-81 



1 1*00 - 

32-68 

'v2IO 

fiS 40 

10-00 

29 60 

^2 00 

C ^5 00 

900 

2662 

21-20 

65-33 

8-00 

2375 

21*00 

"4-50 

I V 7-00 

2044 

20*00 

61-50 

6 CO 

17 V 


5S40 

5 00 * 

14-47 

iS-do 

1 55 -i 8 

4*00 

ii*4l 

17*00 

5227 

300 

8*48 

1600 

4 ()-q 6 

2 00 1 

^58 

4500 

‘S;o 

1*00 ' • 

2*71 

I 4 * 5 o 

42 * 3 * 

0 

b 

i«t-o 

im . 

3910 

0)00 

trac< 


ComI)Osition of solution upon which#the above table wiis 
originally foufidcd 

AvailrtSic chlorine , . 72*17 grams per litre. 

• • ' 

Cbloriiie as chloridp . , . 674. „ 1, 

Chlwjije as chlorate , , 0*13 „ „ 

Lime . 65 53 • „ * 
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V^eights and Measures of ^e Metric Sy^cn^ 

Weights. 

r 

I Milligram = ooi gram. 

* Centigram = 'Ol* * „ 
lJ)Scigram 

1 Gram ^ =- weight of a cubic^cntimclre of water at 4‘’C. 
I Decagraif. = lo ooo grams. 

Hectogram looooo „ 

I Kilogram H *i6oo oco „ 


Measubtss (JF X. 

MilFilitre = i cubic centimetre, or the measure of I gram of vyater 
Centilitre ■■= lo cubic centimetres. ‘ 

Decilitre = too „ ,/ 

fttre = loob „ „ 

r ^ I 

« Measures of Length. 

1 Millimetre = 'ooi metre. 

< 

I Centimetre = oi „ 

\ Decimetre = *1 

I Metre =|. tlie ten millionth part of^^h quarter of «^he earth’s 
meridian. 

I gram = IS'43235 grains; 31-103496 grams = l oz. troy. 

‘453593 kilogram = i lb. avoir ; 50-862377 kilograms a; i cwt. 

• . 

I cubic inch =<.6-38(176 cubic cent.; i-ciihic-foot = 28*315312 cubic 

» f- 1 j I , 

^ decimetres;^! gallon = 4-543458 litres. 

I inch = 2^39954* centimetres; i foofe*£ -0479449 decimetres 
1 yard = 0-9143835 mclr^, i mile = 1-6093149 kilomcti^ 
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4 

Fremii (Aid English Thtrmome^er*S^es.« 



Fahrenheit. 

(haltr.) 

0 degrees equal 

32 degrees. 

5 M • 

41 

10 

50 M 

15 *• •» 


20 

ts •„ 

25 M ft „ 

rr • »• 


86 •„ 

35 •. 

95 M 

. S 

45 , »' •• 

104 

113 

SO M n.* 



CentiTtade. Falircnheil.- 

(C.) • (Fahr.) 


55 dcgrfts equf.l"^3l jJegreeS. 

60 • „ , 

M I4O M 

65 

» 149 n 

70 

M 158* 

75 .. 

* 167 „ 

80 

•• 176 ,f 

85 .. 

.. 1^ ir 

90 .. 

M 194 ?. 

95 **» 

M 203 „ 

2i2\vaterBoi1s. 

too „ 


• 

To convert degrees Fahrenheit into degrees Centigrade, subtueetS^, 
multiply by 5, divide by 9. • 

To convert degrees Centigrade into degrees Fahrenheit, vmultijtly 
by5^;-.flyidc by 5, and add 32, 

To convert dc£<|^ecs Reaumur into degrees Centigrade, multiply b\ 5 
and divide by 4. * 

To convert dcgrc'^s Reaumur into degrees Falfrenlieit, multiply bv 9, 


I 


divide by 4, and add 32. 

To coilVert degrees Centigrade into^egrees Reaumur, mi^tiplyby4 
a Ad di#i4e by 5. 

To convert degrees Fahrenheit into oegrees Ktaumur, suoiraci 
multiply bf 4, and divide by 9. 


Useful uata. 

To find 'the cubicaj^ contents in gallons of any square or 
reidangularVssel, multiply the length, depth, and breadth 
in feet together, and the ifcsult by 6*2355? Should the measure- 
ments flpfeen in ijchc^s, the result wil^ reqj^ire to Ifc multi 
plied by *00360^ kf piav:? oi%'2355. 


To find <hc nurnocr ti gaiions contained in a cylindrical* 
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vpssel, first square the diameter, then ^tn'i^ply by 3*1416; 
divide^ result^by ^^uid mulijply by depth ; after which^^proceed 
as in the •'ase of a square vessel — multiply by 6•2J^/5 if in 
fdet, ot by ,^003607 Jt'in inches. 


To rc*'ucc inches to metres, inultiply by 

• 02540 . 

„ centimetres to inches, miiltfj>ly oy 


„ incites to centimetres 

. 2*54®. 

If 1 kilograms to pounds ,* ,, 

. 2 - 2046 . 

„ < gallons to litres „ ,, 

. 4-'548. 

„ hVes to gallons „ « „ 

. ' -iz. 

If Ip iitimolrc ^ „ 

*5f'7’936. 

If giams to grain.s „ „ 

• 13-432- 

„ giains ♦o grams „ ,, 

. - 0648 . 

„ ounces to grams „ „ 

. 28'34(> 


1 0 convert kilograms per square centimetre into pounds per ' 
Iquftre inch, multiply by i4'C247. 

Xo convert poqnds* per square inch into kilogranj^s per 
square centimetr., multiply by *0703. 

{'iTom B^iyley’s “ Chemist’s Pockct-Jlqnk.’^) 

I pint equals 1*25 lbs., or 8750*0 grains of water* 

I gallon of distilled water equals 10 lbs., rnd measures 
277*274 cubic/ inches. 

I lb. Avoir, equals 7000 grains ; 1 lb. Troy equals ^760 
grains; 1 oz. Troy equals 4^0 grains. 
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A ct i I 'J acid, 21 , 

Relate of limei 22 
A'^id, arsenious, deci- normal solu- 
tion of, 203 
— carbfi^ic, 13 
— colours, 76 

^ free, in sulphates of alumina, 

^ ^ 

— liydrocAoric, 13*^7 
-- hypochloious, 21 
— nitric, 169 

^ O’*. bi-sulphite processes, 31 
— jpxalk, 208 
— sulphuit'v^, 21, 27 
— sulphurous, 32, 34 
AciiSn o#«tmosphcrc on cellu- 
lose, 2 ; on mechanical wood 
in paper,^42 

— of bleach on cellulose, 2 ; on 
jute, ^4, 36 

* j— of caustic so|^a on vcgettfcle 
fibres, i,o 

— of cupric hv^rate on ccflultise, 

AtlipOjjL’ellulosc. ? 

•African espaf^o, Muller’s analysis 
of, 44 

Agalitc, 7M 
Agitators, 93 
Air blast, 40 
Albumen, ammonium, 

Alcohol, dilute, ^o, 165 
AHiali procesfips, 3I1 33 


Alkali testing oafl^Vic, 1 95 
Alkaline soap, 148 
Alum, 8$ 

crystal, csi'mation of aim 

• in, 200 

— in sizing, 85, 138 t 
Alumina, sulphalae of, 86 

— use cf, in bleaching, 21, 27 

— in paper, testing for, 1 74 

AAmonia, vanadate of, 32 * 

— soda, 16 , 

Ammonium nlbumen, 90^ 

Angle cutter, 152 ^ 

Angjps, cutting, 159 
Aniline colour^ 75 

— suj^hate of, 169 

Animal size, pr^})aration of, 137 

— testing paper for, 173 

— sizing, 138 
Antichlor|g28 
Apron, Ibo, 102 
Apron -board, 128 1 
Arsenious acid, 203 
Ash-soda, boiling with, 1 5 

— in engine size making, 81 
Atmospherdl action of, on cellu 

lose, 2 ; on mechanical woou 
in paper^ 42 . 

B ACK-L ASi^f vaijpum pump, 
”3 

Backvij^tcr, 106 
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. I>irium chloride, >.69 

— sulpiiatc, *7/ 

Bark liquor, 75 
Babic cololirs, 76 

l^ast fil)rcs„*S '• ^ 

Bcatcf, construclion^^c 1, }9 

— choice of, 62 

— Foryes’s patent, 59 

— Marshall’s pateul, 56 
Hibbert, 61 

— #dollander, 6l 
-f- plates, 55, V)?J 

— tolls, y, 60 i 

Beaters, intermediate, 55 
Beating, efl'cet of, on suong, 84 

~ free or fas\stnfl' 52 

— heavy ill 

— light engines, 1 12 

— long stiiiV, 52, 53 
••',diort stuff, 53 , 

-r Spanish espaito, 57 ^ 

— stuff for hank and loan papers, 

^2 ; for chi on, o and plate 
jiapcrs, ^3; for blotting- 
papers, 59 
. — r.vood, 58 
Bifech, 43 
Bells, 134 

Bif arboRate of socluim,''i87 
Bichromate Oi polaMi, 75 
Birch,<J3 ' 

Bisulphite of hint?, 33 

— of magnesiur* 33 

t Bisulphite process, Cross's, 32 ; 
Ekmaq’s, 34 ; Mitseherlich’s, 
35; Partington’s, ^25 
•Bleach, effect of, on ccii^dose, 2 

— mixer, 24 

Bleaching, electrolytic, 25 ; Hor- 
mite's piopcss, 26 

— espai to, 49 

— gas, 15 

— house, 27 

— j^. *4 ^ . 

— liquor, preparalitii of, 24 
t Liingc’s method, 21 

— ozone, 25 f ^ 

— powdei^ preparation of, 19, 20 

— rags, 12, 19 

— rationale of, 20, 25 


Blcachiiif st^-, 50, 5I 

— use of acetic acid ii]^ 2I ; ahirn 

in, 21, 27 ; stc^m in, j6;,siil- 
ff phiiric ac^d in, 21, ^ 

— wood, 39 

Blitz’s sulphide ^vootl-pulp pro* 
• cess, 32 
Blotting papers, 59 
Blowinl, 120 H? 

IMvv-off cock, 34, 3j), 47 
Blue, cole ill ing wi|h, 73 

— 5 *aris, 75 , 

— smalts, 74 

— sLandard sample of, 72 
Blue-wove, making, l 02 ,/ 3 b 
Boilers, rcvofvin'g, Sr 

stationery, 14 
Boiiinj^, ra\ionale of, 10 

— esparto, 46 

— jntCj.U 

— rags, 10 

— straw, 50, 51 

— with lime, 12, 13 

Book papers, sizes ol,|2iot 
Boxes, suction, 108 f' 

Breaking iirna’f stuff, 19 

— at press-ioll, 105, 1 13 

— at calc'ders, 120 
Breast-box, 99 

roll, 107 

Broke, 53, 54 

Brown s patent oand^V^oll, »io 
Burnishing, 150''^ 


( J'ALCINEI) soda, 180 
^ Calcium, ’thlcnde of, 20 
— f hlbratc of, 21 
— hypochloratc oV, 20 
— - ^ufphale, 6 gi • 

Calender, plate-glazmg, 
super, 146 , 

Calenders, machillMi^^ 
Cacaolai'biilsrm, 166 
^ Cajbonafoiof lime, 13 
— of ^agne!>iuin, 3^: sodiiu.,, 

* W 

Ctf.bonic acid, 13* 88, 185 
Carnation, 72, 74, K ■ 
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Cjfrymg-rolls, 12^ 
Cartridgcj.)apers, size., vi, 

(!aaein^ sizing, 90 
Caustic'^oda, 10, /j-i, 45 -> 

— estimation of allcali in, 197 

— data for strength of leys, 212 

— table showing strength o\ 

*• leys, 206 

‘CauaticLing recovered o^.a, 1S4 
— ■ lest, 185 * • 

Cellulose, aetJ;?!! of atin'^sphcif ' 
* Vn, "V bleach on, 2 ; solveii,ls 
on, 2 I 

— composition ''and chemical ! 

l^irtnula, I ^ ! 

of coltof/| 5 ; espa: to, 1;, 6, 46 ; ! 


flaJi/ 5 ; hemp, jute, 5 ; | 
Manilla henip, 5, b ; st^aw, 5, | 
7, 50 ; wood (chemical), 5, 6, j 
31 ; wood (incchaniejil), 5, () ; 
Celluloses, compound, 3 • 

Chapman and Fawcett evaporator, 

* Wi 

Chenweal physical character- 
istics t)f various fibres, 5, 

.6,7 ' , 

Chemical wood-pulp, 5, 0 , 31 
^diem'cals, testing, 19., 

Chgia oJay, 68, 69, 172; action 
in glr’'jng, 68; action in 
sizing, 69; preparation for 
the #i;ginc, 68 ; properties, 
68; retention of, 70; selec- 
tion of, 68 / 

Chloric acid, fj J 

Chloride •f ammonium, l^Aifc'aX- 
ciiiin, 20; l^e, 20; magne- 
sium, 2^ ; silver, 175; ^>odium, 

mm / • 

Chlorides, testing paper for, 175 
Cfilorinc rAclioifwith jutc*ib, 36 
•— estTmatioij of, in bleaching 
powder, 293 • 

— gas, blemlrtlll; with, 15, 20 

Chlorus acid, 27 ^ 

Circular knives, 15T IW 
Cockling, 124, 143* , 
Colouring, 72 

Cqpmercial Mtfa, grades ot, ifl9 

— examina^n of, IQ 7 . 


Composition Wogds, 4 
Cooling-roll, 

Coi\ tissue, 4 y 

Cotton calender rolls, 148 

— colour^ij rags, 6 , 9 

— fibrci, 3 if nhysical chajacler- 

istics of, , 

Couch-roll jacket, 135, I3|3 

— under, 1 "ic ^ 

Cracks, 127 ^ 

Cross-cutting kn^gs, 151, >6!^ ^ 
Cupric ammonia, action on ce’lit- 

lose, 2 j 

Cutter, English, 160 

— revolvfne angle and sqn“go, 

152 s / 

Cutting, 152 , 

-- bu nished papers, 1^6 

— cartridge papers, i6u 

— wiachinc, r;*-g, 9 

— jp'isuc pa pci s, 13 
Cylinders, damping, 147 

— diyirg, 99 ^ 

Cuticular tibsiii- of cotton, 4 ; 
esparto, 4, 1O8; straw, 4, 
168 ‘ * 


D AHI.’S Si lohafc process, 32, 

' 33 . 3 » ^ * 

Damping rolls, 147 
Dandy roll, Bro/n’s patent, l 78 
— rolls, I’S ; named, 115 
Data, useful, 215, 21G 
Deckle stup, loi 
Deckles,Jiul!oway’s patent, lOO* 
— old style of, lOQ 
Determination or alumina in 
alum, 200 ; available chlorine 
in bleaching powder, 203 ; 
perccn||ige of mineial sub- 
stances in paper, 1 72, 176; 
total alkali in sodas, if7 
Draws, chai%ing,*i25 
— double and single, 159 
JDoublc-crovvn^^i 0 
— demy, 210 * 

— elephant, 210 
— foc^cap, 210 
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7fout)le-cro\vn i\ost, 2C9 

— pott', 209 ^ 

:)rier,*i4:r 

)nim, willing:, 18, 39 
Dryint^ 11)1^145 ♦ 

3iisti^ esparto, 45 ‘ 

- ralgs, 9 • 

)yein^ to shade, 78 


CjpGE-RUNNER, 54 , 

Xj Ek lean’s wood-pulp pro- 
cess, 34 

Elasticity of Kbres. !i, 58 
Electrolytic b^CJi.ning, 25; Her- 
mite’s ptbccls, 26; ozone 
method, 25 

■fl-'Aianiifacture of alkali, 200; 

^ * bleaching powder, 200 - 
Engine, beating, 59 
* — Etrbes’s patent beater, 59 

— Mai shall’s |)erfecting, 56 

— size, 80; preparation of, Si; 

I recipe for neutral resin so^p, 

83 ; recipe for white, 83 
r- washing and breaking, 17, 18 
E^jartOK,available ceValose in, 
44 ^ f 

— bleaching, 49 

— detection ot, i!. paper, 168 

-A dusting, 45 , ^ 

— isolation of cellulose in, 44 

— Muller’s analysis of, 44 

— physical characteristics of, $ 
r- rationale of boiling|f^5 

— sleepers, 48 

— summer, ^ 

— washing, 48, 49 

— winter, 45 

Estimatioif of alumina in alum, 
200 ; antichlor, roi ; chlorine 
^ bleaching powder, 203; 
mineral sufiistapfes in paper, 
j, ., If 6 ; sodas, 497 
iJEvaporator, Por^on’s, 188 

— Yaryan^s, 190 • 

Examination, microscopical, of 

paper, 163 


F ADIjuvj ij^igincsana cnesis, 
74 

hast driving, 128 
Fiist stuff, 52 
Fecding-rollsJ 154, l6o 
Felt, dry, 122 
»— wet, 122 
Felling, 7, II, 12, 53 
Fctric ixid'!: causticisin|jf process, 

* >87 , 

Fibres, cijtton, recognition of, by 
•*mictoscopr, lt;6 
-* elasticity of, 53 
— esparto, ibSf 
— flax or linen, 167 
-themp, i6*/ * 

— jute, 167 
— Matiilljf; 167 

— physical characteristics of 
various, 5, 6, 7 
— slra\v, 168 

— wood, chemical, 167, •mechani- 
cal, 168 

Fibro-vascular bundle^, 5 • 

Filaments, 5 

Finishing, 

First pump-box, 113 
— press-r'^lh, 123 
Flax, cellulose of, 4, 5* 6 
— boiling, 13 
Fcolscap,2io 
Forbes’s patent beater. 59 
Fourdrinier mac^iine,*93 
Ti^e resin, 80 * 

Flinch and Englisih thermometer 
'calcs, 215 

— ^weights and measures, 214 
Frictioc, glazdl paper cutting, 

. ,>56 ^ 

— glazing, 150 
Froftntkillers, 

Furnace, incinerating, 

Warren rotary, 51 93 


AS^I^^je^ching with chlorine,^ 
VU ^i5» 2o« 

Ol-iuijf Evaporator, 19 1 
Gk^ss covers, 164^ 

— slides, 164 
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Glrjing friction 

— plate, KO 
Glyoriine, 764» 

(Jrass, esj^ito, 4.^ 

— knots, g8 
Greens, eolouriiu’^^ 75 
Ground wuod, 41 
'iuidc-roll, 130, 133 
Guiding-.' »pcs, 144 

breaking -in. 

Hard-boiled grasf'/ 47 

— wall. tin sizing, 87 

H:inp fibrcJ^iphj'k’cfil cliaractvA-- 
i&tiis'of, 

— Manilla, 6, 59 '1 

Hermite't bleaching process, 26 
Ilibbert beater, 6 1 

High pressures, effect of, in boiling, 
46; it. boiling wood, 33 
Hollander beater, Ol 
Holloway’s deckles, 100 
Itydrate of^da, 10, 44, 45 
Hydrochloric acid, 4^*27 
Hydrometer, Twaddle's, 207 
Mypochlontc of calciuir 20 
Hypoc.florous acid, 20 
Hyp’ftsul^hit^of soda, 28 

TjirauiSc, 2H 

1 Incineratin^'urnacc, 178 
Iodide of potassium, 30 

— and fctajjf h test, 30 

.Iodine, deci-normal solution, 2^1 

— rcrjclion with ^.cllu lose. 2, 3, 

163 *• * 

Iron, free, test in alum cafe, 
• 201 « -I 

IT- use #f, in colouring, 75 
Irregular wei^^ 93 
Isolation of^ll^l^e, 3 

c ^ 

J UTE fibres, blearing, u, 25 
— boiling, 13 • / 

— physical characteristics, 4, 6^ 
— reaction wijh chlorine, 16, 36 


K /jOLIN, 68 . 

— pr^ralAn fiir 
Engine, 68'^ ) • 

— piopcrtu s of, o 3 ^ 
Killing blaek^threads, li3 ^ 
Knife, cros^-^utiing, 153, l6l 
— doctor, II? * 

Knives, ciicnlar, 153, 160 
Knots, grass 46, 57 
— strainer, 98 
K Hotter, 129 • 

Kollergang “ brok#,* 53, 54 
Kiaft brown papers, 37^ 


L aid papei *, j 1 3 ^ 

— dandy-rlj^ 1 15; Brown s 
patent, 118 * * * 

Lead, nitrate of, 75 

table shQ.vving slrcngth 
• ,-06 
Lignin, 3 

Ligno-celiulosc, 4,^1, 50 
l-iinc, boiling with/iz, 13 
bisulphite o^, 35 
-- carbonate of, 13 
- - h) pochlorite ol, 20 
hyposulphilfe of, 201 
— milk 0(^15 
— mud, 25 

removal of, ttom hides, 137 
— salts from bleaching solution, 

24 W 4 

— solutions of, for boiling with, 

13 

— sulphates of, 87 
Lime trecyf 3 

Linen fibres, characteristics of, 6 ; 
recognition of, I4 microscope, 
167 

— rag papers, sizing and drying 

Liquor, bleac^iing, preparation of, 
24 ; uniformity of, 23 - 

— spent, reci^vcryiof soda frnm. 

178 

Litmus solution, 195 
l!!ixiviation, i8r * 

— methods of conducting, 182, 
1831 
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I^ixivialion taiik^ iSi 
Loading 67 • ‘ 

— agat^lUyas, 7 * ^ 

— bari«ni\bl<iride as, 71 
barium Sulphate ;f . 69, 172 

— China cl'ay as, 

— clift)ino and plati’ papers. 69 

— mcM'hanical wood as, 42 

— prinYinp; papers, 6; 

•Long measure, French, 214 

— «.tuir, 53 ' 

wilts, 10$' * 

Linage’s bjpaching process, 21 


M achine, prturifugai, i6 

— c^fnders, effect on 
sizing of, S9 
^higlish cutting, iCo 
Vourdrinicr, management of, ^ 

p^ssc-pate, 39, 46, 51 
— rag cutting, '9 
- - revolving cutting, 152 

>\'illowing and dusting, 8, ^3 
M|ichinc wire, putting on and 
j starting, 129 * 

Msu^nesiay Carbonate of |^37 
- sulphate of, 87 i I 

Magne|ium, bi«si/^liitc of, 34 j 
— chloride of, 20* _ 

^fl4'king bank paR-rs, 54, 5*, 

-- cartridge papers, 97, 134 
— cliromo papers, 55 
— loan papers, 54 
plate papers, 5 
- web papers, 126 
— yellow vvo 4 ; papers, 102 
Manganese, peroxide of, 16 
Manilla, physical chaiacteristics 

5 . . I . 

— recognition of, by microscope, 

MarslimVs perfietingrcnginc, 56 
’‘l^chaiiical wood-pulp, 41 ; action 
of atmosphere on, 42 ; load-^ 
ing wifh, 42 ; f/reparation of, 
41 ; recognition of, in paper, 
1O9 


I 

Method, t ltrgiiie's, of bJcacIiing, 

.... 

— I.unge’s, of blcae.ung, 21 , 

Metric system of weif.its and 
mcasuresf 214 

Microscope, recoy^mtion of cotton 
fibres, by means of, 166; 
china clay, by means of, 172 f 
csjlirto fibres, by Jr,oans of,* 
16^; llax fibres^ by means of, 
167 ;>hcnip fibres, by means 
•of, 167 ; jute iforesjiy pcana 
of, 167 ; Miinilla fibres, jyi 
means of, 167; pearl harden- 
ing, by means of, I7a»^stra\v 
fibres, Uy fnea?? ol^, 168; 
terra-alba, by i;ieans '»f, 172; 
wmod • fibres, by means 6f, 
167, l()8 

— suitable objectives for, 164 
Microscopical examination of 
fibres, 163 
Mid-fcatber, 18 
Milk of lime, 35 
Milk sizing, 90 ^ 

Mitschcrlicl^^ “slow” process, 35 
Multiple effects, 188 


N ascent oxyg.^i, 20 

Nitrate of leadj * 
Ifiitric acid, 169 
iVro-sulphiiric al*id, 169 
N8jn.cellulose, 3, 14* 22,35,44, 6 


O il. of vitriol. 1 2? 

— sperm, 148 
Oveftmuling, i6if4 ' 
Oxidisation, prevention ofr 33 
Oxy-ccllulosc, 2, 2 ^* 

Ozone blcachingf*»5 




ING, on pulleys, 124 
i*an, evapolfeting, 179 
Paper, bank, 52 ^ 
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Paper, l^ottinf^ 59 

— blue, making, 

— brokd! % '^,'54 

— chit^to, -.lull' for. 53, 55 

— cutting llbsuc. i;^7 

— eflect of straw filnes in, 51 

— glazin^; colourrtl, 150; straw 

149; wood, 249 

— greci\rolo'i“ing of, 7", • 

— maclutu’, 7 ourdriiuf r, 1 3 

— plate, stiifi I'f'r, 55 

-- pririting, gK'zing of, 146 -» 

— si/fs V? 209, 310 

— loft-sized, 58, 1 10 

— tci*Uig, ft*r animal sizo, 173, 

174; .'1pm, ’ diloiid"s, 
*7^' mij;ine si/c, 176; 
mineral Substance?., 

— toned, 75 

— tub-sizing, 139, 140, 141 
Paris blue, 75 

Partingtt wood-pulp process, 


Pcarldiardenin", 69, 172, 177 
Pcctic atlfl* 

Pccto-cellurose, 3, 

l\rfccting engine, Marshall's, 56, 


^erox^ie of manganese, 16 
Ph>%ical*charactcristics of cellu- 
lose, I,*;.,; of various fibres, 

Picking cl^rto, ^5 

— couch-roll jauicel, 1 

— wet rags, 1% 

Pin ^43 ^ 

Plant struRurcs, 3 
‘Plate glazing, 15a> 

Poplar, 43 • 

— pulp, 40 ^ 

Poj ion’s ov^por.itor, 

oa^"r, 178 * 
rotash caustnn 201 
Potassium iodicf|^3, 3 ® 

Potcher, 3^ , , 

Preliminary treatment jiT 
32; Qppaito, 4gi"6 • 

PrepartLtion of animal siy%* 437 f 
bleaching liquor, 24 ; blftn^l- 
•ing powiicr, IQ; breach 


136 


, 188 


test, 203 ; yausticising tcpj, , 
185; no*Val ilphi Vic acid, 

*' 95 . ^ ' 

Pre se-pui«*, 39, <46, 51’ 
Prcss-rollsf’breaking'^t, y?5, ii^ 

— first, 1 3 ^* ^ 

— - sccoinl, Aj ^ 

Pressure in boiling, 33; glazing, 

149; canorafion, 188 
Printing paper, glazing of, 14S ”* 

Process, Blitz's, 32 » 

— acid, bisulJili’iW, for wood* 

33 . 

! alkali, for wood, 31733 
j - chemiciil, for wood, 32. 33 
I — Cross’s. 3. ♦ 

I Pahl’s, 32, 
j — Kkrnan’s, 34 ^ 

I Her mite’s, 26 
i -- l.unge's, 21, 

1 — I ii*ciianical, Vrr wood, 41, 42, 

I ^rilsclicrlich’s, 35 
-- Partington’s, 31; 

— sulphate, for wood, 32, y 

36 

— sulphide, for wood, 32 

— Iiilphiic, 33, 34, 35 ' 

— Watt and Burgess’s, 33 
Pulp, wo<»J, 3jt 

— straw, 50, 

— sii#pliate, 32.* 36 

— sulphite, 33, 35 
Pumps,,slun', 95. . 

— vacuum, 108 


R ag cutting machine, 9 
Rags, bcatint;, 54 
— bleaching, 19 
— boiling, 10 
— breaking,^! 8 
— grading and dusting, 8 
Raised seam, 127, 134 , 

1 Recognition |pf f^res by t 
microscope, 163, 169 
Rcco\ery of soda, 178 
Reeling at the Szer, 

Resinatc of alumina, 80, 83 
Resin, irec. theory, 80 
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J/'sin size, prejvnlon of,f 5 Si ; 
rei’iy cs iof , Sj 

- soap!) (V, S3 < 
spots, 84 

bolting, 4 * 

4 <‘volviiTg boiler^, 

-ciilfLi, 152 '■ 

- slraiiu'r, 96 

’oil, bcSlcr, 55, 6 j - 

- breaker, 19 
-iH'cast, 107 f 
*•- carrying, 1^9* 

- cpiicl), 

sti nt, V^2 

volis, calender, 148 , 

-Votton covrt'ed, y 3 
- dry-lclt, 121 

■ hard, onfil^cs'of web, ICO, 

lOI 

?dUt-relt, 130 
KppCs, 6 
Royal. 209, 210 
kubt Spots, 60 


QAND TRAP, 
^ Save-all, loS 


Save-all, 1 08 ’ 

Scandinayfei mills, pr#aiucc of, 

\?7 « I 

Scotch ^’ood-pulpoprocess, 35 
Scott multiple effcli, 192 
SAtens, 42 
Second prtss-felt, 123 

— press-rol], 1 23 

Setting circular knives, 153, 160 
Jficttling of stuff on mac^'^.ie wire, 

53 „ 

Shake, 58, lojf: 

Sheave, 149 

Size, animal, preparation of, 137 

— engine, 68 

Sizes of bbok papers,^ 210; cart* 
i^ge papers, 21 1 ; printiig 
papers, 2I(H.: wr^ing papers, 
^ ^209 

j^izing, animal, ot[-tub, 139 

— caseinej 90 

— engine, 

Smalts, 74 


' Smooinii^-roy^i 125 
' Soap, in sizing, 138 
1 — resin, 80, 83 *' ' * 

So^a, aluininate of, 187 

— - ash, 59 * 

- calcined, 180 ^ 

4 - carbonate of, 207 
j — caustic, testing, 197 

— hydrfrtc of, 36 ^ 

I •“ hyposulphite of, testing, 20l 
I , - proces>fi 40 
I — rArovery of, 178^ 

-^silicate of, 187 
sulphate of, ^ ; testing, 
sulphide of, 36 

— tabic slio\%in^ aitj/iint of, i«, 

solutions of vai j|;.)us densities, 

j 2 Crf, 26^ 

Sodium chloride, 1 99 
; — rcsinate, 86 
' Soft-s)zra papers, 1 10 
I Solvents, action on celhf.osc, 2 
Sorting espiarto, 40 

r - 

Spangling or glistcmnC, 143 
Spanish esp^to, anal3-sis of, 44 
Spent liquors, recovery of, 178 ' 
Standard #»nicroscopical speci- . 
mens, 170; shade or nine, 
72 ; carnation, 72 ' * 

— sulphuric acid, pf^paration of, 

. *95 

Sfiarch, 71 

-^detection of, irf-paper, 175 

— \astc, 202 L 

Ste»'^ use of, in bleaching, 20, 

Strainer, 96 
— Piatts, 97 

— revolving, 96 ^ 

StraiTmg china ylay, 68 

i pulp, 95, 97 

j -ti starch, 72 

' — terra -alba (bjMsbn^ sulphate), 

! < 7 ^.’ < ■ < 

« ~ iVir?irt-niY*, 73 
Slr&w, bleachi(.g, 5 1 
‘ -Oboi’Tifit, 50 

— physical charaoteristics of, ^ 
Structures, plant, ; 
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Stnl]^lu*sls,«9C ( • 

► iast, 52, 55^ 

“ <>'(^#54 '53- >^-3 
•- 53 - 5 S 

- slTovt, 53 ^ 

- soft, 55, 104 

hiilphatt' ofjdmnin?, %: aniline, 
169 ; lime, 87 ; inapn* sia,%7 ; 
sofJa, 36 

- - wl^K’-piilp, 168, 3^* 

Snlpnidctfjf soda, *86 

bill pli ill- ol^jioda, 2y* 
roCessos. 32 
^ pulp, if'7 

Siijjnhiir impiii*5tics in water, 208 ; 

eon I 18c, , 

‘sulnlui riband, 

Siilpljuro# acid, 3f, 33^ g''^ 33, 
•4 , 

Super-calender, 148 


engine size, *376; mcf^lianicai^ 
* \voo(k fbyrf niipcral ^ifb- 
stanc^^l 7* 

lesl i'p recovert d «ada. 197 
snlpj^.'tc of S'li’fe, 203 
— iilt.4irari.ii’, 7.^ tt 
-- \\*ite. i)for impuritUs, 207; 
liarancss. 207 

I liernioineter scales, french anii 
Li.gnah, 215 
'I'hread, 4 » ^ 
l oned paper, 

licatincnt of espar1>>, , ji. ■ , 
14; rags, 8, lik straV, 50; 
wood (cliemi 31, wood 
(nfei^^i'^nicah), 41 
Tub .i/ing,v^ 

'rnrp(‘iMiiu» • 

'1 'vaddle's liydromcter,convcrsioii 



’TARLK of French and Fnglish 
P ll^iMnometcr scales, 215 
• shovfing aino^it of caustic 
soda in leys it \arions den- 
sities, 206 ; amount of soda 
in le\s ol Vcirnnis densities, 
»o6, 207 : composition of es- 
nar*4L. 44 I ctnnposition of 
straw^ I ; e(|niva!eiit weights 
a*l»siz(s ol printing pa^rs, 
210; eipinMlent weightwnd 
sues ol ^ 1 iiing-papers^t^ ; 
pcrct linage of ahinij^soin- 
liifhs of vanom^^pecific 
gravities,f 207 ; stren^h of 
blea<iiiing-p< wtic •jolutions, 


sand^OU 


l athes of n.ttllc system, 214 
reir.i-alb.s^ barium bulphatc), 69 
Testing aliifi, 200 
-- antid*lor,^oi * 

Testing bleaching p^'^lc- ,^203^ 

— cagstic soda^^qf* • \ 

— 4 iy posii I phile of soj % 201 ^ 

— paper lor alum 174I ammal 

■iize, 1^5 ; chlorides,* 1 75 ; 


L jLTKAMARlNE, acid-re- 

} sisting power of, 73 
• colouring powt r of, 73* 

- - fading yi engines and t^icsts, 

— sti^ai d shi^k^ c ', 72 
U^isized pt pers, 58 

V ACUUM pumps, 108 

X'anadutc ot«amnionia, 32 
Vaniy^ov, 2 
Vitri^ 127 
Vulcanite, 108 


W/AiRKN rotai y furnace, 193 
W Washing (Irmn, 17 

— engine, 17 

— esparft, 48^49 

- - rags, 17 

straw, 

- wood, 39 

W;^sh-roIl, 109 ^ 
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•Water, hard, SJ.; tesliug/ for 
iniyi’ itic^ 20‘» ‘ 

■ Watt:r-nia^ ny 
Wall and limge^s's process, 33 

"Wax, 150 « 

"W'cbs,, making, 126 
W’cigliif> and measures ot metiiL 
syst^n. 214 
Wei picking, 17 
\Vire, longlli ol, 105 

acid Ircathunl of, 31 
-- fibres, characlciislics of, 5, 7 

— ll.ne, 43 

— pulp, cl'miical, 5, 7, 58; mc- 

^ chanic.il, < 

— scKla, 33 

— sulphaU.^G^ 


Wood, sifi‘pffitt,*if)7 
Woods, poinposition of d 3 
, Wurjdcr and /.ngki's'^cxpitri- 
' ments will) rag«, 12 
Wurslei’s the(;i y ot sizing, 80 


I 

Y AU^, an evaporator, ;90 

Vtdlou-wove, making, 103 
i '„ic1(1 of Cellulose from csparto» 

; ^^4: sliaw, 51 ; wood, 33, 35 < 


Z LT.LKR'aiiA W’llrstcr’s es • 
poiiiTiciils ing!^ 13 
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